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, Welcome 


If you've ever If the weather in your part of 


wanted to get 
into astronomy 
- also known as 
Stargazing, as 
some of our 
readers like to call it - then this is 
the issue for you. 

From selecting the ideal observing 
site to the best targets to spot 
whether you're using binoculars, a 
telescope or the unaided eye, we've 
got everything you need to ensure 
you're armed with the right advice 
when it comes to exploring the 
heavens. Turn to page 62 for your 
complete guide. 

For those who just can't get 
enough of the longer, darker hours, 
our observing section continues 
with our usual full palette of naked- 
eye and deep-sky objects, Moon tour, 
planet guide, Northern Hemisphere 
map and astronomical calendar 
through September to October 2020. 


the world has taken a turn for the 
worse over the past few weeks after 
the glorious run of warmer, clearer 
nights, then we've still got plenty to 
keep you entertained this issue: my 
personal highlights are our special 
reports on whether life came from 
comets over on page 44 and what 
cosmic dust can teach us about our 
very own planet on page 34. 

Our cover feature is sure to inspire 
too, as we return to Planet Nine. 
Have we got our wires crossed 
in determining its true identity? 
Some experts think we have, 
suggesting that a black hole could 


be lurking at the Solar System's edge, 


masquerading as a distant world... 


Ce ho 


Gemma Lavender 
Editor-in-Chief 


WWW.Spaceanhswers.coiml 


Keepuptodate G....; 


Our contributors include... 


Colin Stuart 

Space science writer 

Was life as we know it 

delivered to Earth by 

comets? According to 

Colin's recent findings, 
we it's looking very likely. 
~. Turnto page 44 for the 
=. full details. 


Pavlo Tanasyuk 
CEO of Spacebit 

Pavlo is aiming to launch 
the UK to the Moon 

with his space start-up 
company Spacebit. 
Discover more about his 
plans to explore lunar lava 
tubes on page 31. 


Sean Solomon 
Planetary scientist 
What have we learned 
about Mercury? Sean 
reveals details from the 
defunct MESSENGER 
mission alongside our 
panel of space and 
science experts. 


Lee Cavendish 
Staff Writer 

There's a missing 

link to the universe, 

and without it the 
cosmos makes no 
sense. Lee meets the 
astrophysicists trying to 
solve the puzzle. 
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YOUR FIRST CONTACT 
WITH THE UNIVERSE 








saturn puts on a 
show, a Milky Way 
lookalike is found, the 
end of the universe 

is calculated and the 
mystery of Betelgeuse's 
dimming is solved 


FEATURES 


PLANET NINE CONTROVERSY 
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The Solar ; 
y 
System's Do Earth-like 
black hole planets orbit 
As the hunt for Planet Nine steps our alaxy’ Ss 
up, something more exotic could bl] ac hole? 
fit the bill ° 
Did life come 
Fishing on from comets? 
They race in and out of our 
other worlds Solar System, and according 
‘ to evidence, they could have 
Escape to Titan brought life with them 
When the Sun scorches Earth, 
a tiny moon in orbit around Our universe's 
Saturn is our next home mi Ss sin g link 
The model of the cosmos 
needs revision, but not 
2021: the i without astronomers first 
ear Britain assembling the pieces of a new 
aunches for cosmological puzzle 
the Moon 
Ask Space 
Cc O smi Cc du st Your questions answered by 


our space experts 
What does it reveal about 


the universe? 


FREE THE 
SPACE RACE 
BOOK BY 
SARAH 


CRUDDAS 


TURN TO PAGE 42 
FOR DETAILS 
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Download Teach Yourself Astrophotography, World of 
Tomorrow and Mensa High IQ Test today 





‘STARGAZER 


Your complete guide to the night sky 


Get into stargazing 
Start off on the right foot with our 
full guide 


What's in the sky? 


As we pass the midpoint of 
darkening skies, see what autumn 
has to offer 


Month's planets 
Dusk to dawn belongs to the ice 
giants this month 


Moon tour 


How to find the most dramatic cliff 
on the face of the Moon 


Naked eye and 
binocular targets 
Find spiral galaxies that lie many 
light years away 


Deep sky challenge 
A ghostly nebula and a rose- 
Shaped star cluster await you 


The Northern 
Hemisphere 


The skies offer myriad targets for 


astronomers this month 


Telescope review 
Is the Celestron NexStar 127 SLT 
the right telescope for you? 
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Mars’ double 
Green Crater 


The European Space 
Agency (ESA) and Russia's 
Roscosmos jointly operate 
the ExoMars Trace Gas 
Orbiter, which is currently 
circling the Red Planet 

and snapping images of its 
terrain with high clarity and 
resolution. The subject of 
this picture, taken on 27 
April 2020, is a crater inside 
a larger impact, known as 
Green Crater. Both of these 
craters are located in Argyre 
quadrangle region of the 
Mars’ southern hemisphere. 
The ExoMars team are 
Ue Rs) a Ue AciMe leh arm eal 
image to investigate how 
seasonal ice - shown here 
as bright, white patches - 
relates to the presence of 
gullies on the surface. 
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On 4 July 2020 Saturn had 
its regular check-up with 
the NASA/ESA Hubble 
Space Telescope. Images , 
like these are performed 

to see if the ringed planet 
is showing any signs of 
ols XeROa MRO ar-leci-] ae 
impressive ring system. 

PAN at ma ace)an(=)p) mm aa 

TE oR CEM) Colney teen 
was around 1.4 billion 
kilometres (839 million 
miles) away from Earth, yet 
Hubble was able to capture 
ida l=W27-) 0 8l=1 8-1-9 aM ated 
- the Cassini Division - as 
well as the bands crossing 
the planet's atmosphere 
Van tn) 8) cocthV eRe lel aye 





Copernicus’ 
colourful 
picture of 
ai 


Space-based cameras are 
able to capture the beauty 
of Mother Nature from 

a unique viewpoint. The 
ESA's fleet of satellites 
watching over Earth, as 
part of the Copernicus 
programme, captured 

this visually stunning shot 
of the Flinders Ranges, a 
mountainous location in 
southern Australia, on 31 
December 2019. However, 
this image - snapped by 
Copernicus Sentinel-2 - was 
only recently released on 31 
July 2020. Depicted in false 
colour, the shot showcases 
a fabulous array of vibrancy 
and curves, emphasising 
Earth's geological features. 
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Beam me 
Tomy eel aa’, 


While Antarctica is stuck 

in a perpetual state 

of darkness during its 
winter, astronomers at 

the Concordia Research 
Station are busy conducting 
observations that provide 
valuable scientific insights. 
"id atoy im date Mini ealaccta ays 
presence of daylight, 

the Light Detection and 
Ranging instrument's 
(LIDAR) laser is able to 
pierce the sky in order 

to find out more about 

our planet's atmosphere. 
Scattered light is recorded 
by sensors and reveals 
more about atmospheric 
density, temperature, wind 
speed, cloud formation and 
aerosol particles. 








Lane h aterm a aves 
galaxy could 
tell us more 
about our own 
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Milky Way lookalike found 


IN COOPERATION WITH 


SPACE: 








PM oy rela m ey mar aoe: | | 


eering into the early universe, 
astronomers uncovered a surprise: 
a young galaxy that looks a lot 
like the Milky Way. The newfound 
galaxy is called SPTO418-47, and given its great 
distance from Earth, astronomers see the galaxy 
as it was when the universe was just 1.4 billion 
years old - roughly 12 billion years before today. 

The discovery held a big surprise for the 
researchers: stars were forming quickly, as 
expected, since there was abundant gas available 
when the universe was young. But despite the 
chaos, SPT0418-47 has a well-defined, rotating 
disc and galactic ‘bulge’ at the centre. That's 
a similar structure to the Milky Way's today. 

Analogies between SPT0418-47 and the 
Milky Way are not perfect, however. The Milky 
Way sports a distinctive barred-spiral shape, 
formed by large ‘arms’ of stars and gas. But 
SPT0418-47 lacks such arms. Moreover, scientists 
expect it will evolve into another galaxy type 
entirely, an elliptical galaxy. 

Yet the newfound galaxy does give insight 
into the evolution of these massive star-filled 
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structures over the eons. Based on this new find, 
it appears there may have been less dramatic 
galaxy changes than previously imagined. “The 
structures that we observe in nearby spiral 
galaxies and in our Milky Way were already in 
place 12 billion years ago,” said Francesca Rizzo, 
a PhD student from Germany's Max Planck 
Institute for Astrophysics. 

It was the powerful Atacama Large Millimeter/ 
submillimeter Array (ALMA) that allowed 
astronomers to spy on SPT0418-47. ALMA 
consists of 66 antennae scattered across the 
Chilean desert, working together to create one 
large telescopic lens. The newfound galaxy 
was too faint to be observed directly, so ALMA 


used a technique called gravitational lensing to 
overcome the problem, magnifying SPT0418-47’'s 
light using the gravity of a nearby galaxy. 

Gravitational lensing can sometimes produce 
some distortion, but in this case the alignment 
between the two galaxies was almost exact. This 
makes SPT0418-47 appear as a nearly-perfect 
ring in the raw images. Rizzo and her team found 
the true shape and gas motion of the galaxy 
using a computer model. 

Future telescopes, such as the European 
Southern Observatory's Extremely Large 
Telescope, will peer further into the early 
universe to better figure out how common 
SPT0418-47's shape was among the galactic 


“THE NEWFOUND GALAXY DUES GIVE INSIGHT INTO 
[Dalen ROR LO RO a daime ened Alt 
STRUCTURES UVER THE EONS 
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Scientist calculates the ‘sad, 
lonely’ end of the universe Words by Chelsea Gohd 


Stars will continue to explode long after the 
universe is cold and ‘dead’, one scientist determined 
after diving down the rabbit hole to find the 

last supernova that will ever happen. The universe's 
end is “known as ‘heat death,’ where the universe 
will be mostly black holes and burned-out stars,” 
said Matt Caplan, an assistant professor of physics 
at Illinois State University. “I became a physicist 

for one reason. I wanted to think about the big 
questions - why is the universe here, and how will 
it end?" 

Caplan looked to the future of stellar explosions. 
Massive stars explode in supernovae 
when iron builds up in their cores, 
accumulating and triggering 
the star's collapse. But 
smaller stars such as white 
dwarfs - ultradense stellar 
corpses that form when 
Sun-like stars exhaust all 
of their nuclear fuel - don't 


have the gravity and density %, | 
% 






to produce this iron. However, Caplan discovered 
that over time white dwarfs might become denser 
and become ‘black dwarf’ stars that can actually 
produce iron. 

Caplan calculated that the first of these ‘black 
dwarf supernovae’ will explode in about 100° 
years - an almost inconceivably large number. “In 
years it's like saying the word ‘trillion’ almost a 
hundred times. If you wrote it out, it would take 
up most of a page. It's mind-bogglingly far in the 
future,” he said. 

He found that the most massive black dwarfs 

will explode first, followed by less and less 
massive stars until there are none left, 
— which he expects will be in about 
Bb 1022900 years. “It's hard to imagine 
anything coming after that,” he 
said. “Black dwarf supernovae 
might be the last interesting 
thing to happen in the 
universe. They may be the last 
SUpernova ever.’ 


Betelgeuse’s bizarre dimming 
Caused Dy eruptiONn words vy mike wal 


In the autumn of 2019, red giant Betelgeuse began 
dimming significantly, losing about two-thirds of its 
brightness by February. This dramatic dip spurred 
speculation that the star's demise may have been 
imminent - perhaps just weeks away, from our 
perspective, anyway. Betelgeuse lies about 500 light 
years from Earth, so everything we're seeing with 
the star today happened centuries ago. 

But the dramatic sky show didn't happen: 
Betelgeuse powered through the dimming episode 
and returned to its normal brightness by May 
of this year. The recovery sparked a new round 
of speculation, this time about the dimming's 
cause. Some scientists attributed the doldrums 


to a light-blocking dust cloud, whereas others 


said big starspots on Betelgeuse's surface were 
likely to blame. The dust hypothesis adds a twist - 
Betelgeuse itself apparently coughed up the cloud. 
Researchers studied the star in 2019 and 2020 
using the iconic Hubble Space Telescope. Hubble's 
observations from September through November 
2019 revealed huge amounts of material moving 
from Betelgeuse’s surface to its outer atmosphere 
at tremendous speeds - about 320,000 kilometres 
(200,000 miles) per hour. During this three-month- 
long outburst, Betelgeuse lost about twice as much 
material to space from its southern hemisphere as 
it normally does. Betelgeuse's background shedding 
rate is significant - about 30 million times that 
of our Sun's. 





© NASA/ESA 
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SpaceX's next astronaut launch 


: 


for NASA pushed to October Words by Chelsea Gohd 


SpaceX’s next astronaut mission faces another delay. 
The target launch date for SpaceX's Crew-1 mission, 
its first fully operational crewed mission to space, 
has been pushed back to no earlier than 23 October. 
The mission, which is set to launch SpaceX's Crew 
Dragon spacecraft atop a Falcon 9 rocket from 
NASA's Kennedy Space Center, won't lift off until at 
least late October to accommodate spacecraft traffic 
for the upcoming Soyuz crew rotation and to best 
meet the needs of the International Space Station. 
Crew-1 will carry four astronauts to and from 
the space station - NASA astronauts commander 
Michael Hopkins, pilot Victor Glover and 
mission specialist Shannon Walker and Japan 
Aerospace Exploration Agency JAXA) astronaut 
mission specialist Soichi Noguchi. With this new 
timeline, Crew-1 will launch after NASA astronaut 


Scientists probe weird alien water 


Kate Rubins and cosmonauts Sergey Ryzhikov and 
Sergey Kud-Sverchkov arrive at the space station 
aboard the Russian Soyuz MS-17 craft. Crew-l's liftoff 
will also follow the departure of NASA astronaut 
Chris Cassidy and cosmonauts Anatoli Ivanishin 
and Ivan Vagner from the station. 

Crew-1 will follow the success of SpaceX'’s 
historic Demo-2 mission. Demo-2, the first orbital 
crewed flight test of a commercially owned 
and operated human spacecraft, carried NASA 
astronauts Bob Behnken and Doug Hurley to and 
from the space station aboard a Crew Dragon 
capsule. Commercial spaceflight milestones like the 
successful completion of Demo-2, and soon Crew-l, 
will enable NASA to regularly fly astronauts to the 
Space station, ending sole reliance on Russia for 
Space station access. 





inside Uranus and Neptune Words by Chelsea Gohd 


Scientists have devised a theoretical computer 
model and used it to peer inside the ice giants 
Uranus and Neptune. With this tool a team studied 
the thermal and electrical conductivity of the 
unusual water inside these planets. In simulating 
these physical processes on a tiny atomic scale, 
the researchers hope that this new model will 
reveal information about the icy bodies’ internal 
structure, magnetic fields, how they evolved and 
exactly how old they are. 

In studying Uranus and Neptune 
with this model, the researchers, 
who stem from the International i 
School for Advanced Studies 
(SISSA) in Trieste, Italy, and 
the University of California at 
Los Angeles, estimated that the 
two planets are likely primarily 
composed of water in some 
form, and Uranus might even have 


12 





a frozen core. “Hydrogen and oxygen are the most 
common elements in the universe, together with 
helium. It is easy to deduce that water is one of the 
major constituents of many celestial bodies,” the 
researchers said. 

“In such exotic physical conditions, we cannot 
think of ice as we are used to,” SISSA professors 
Federico Grasselli and Stefano Baroni said. 

“Even water is actually different, denser, with 
several molecules dissociated into positive 
and negative ions, thus carrying an 
electrical charge. Superionic water 
lies somewhere between the liquid 
and solid phases.” The researchers 
hypothesise that Uranus might 
actually have a frozen core. This 
would explain why the planet isn't 
very luminous, as a frozen core 
would mean that very little heat 
would move towards the surface. 





Above: 
Commercial 
spaceflight 

is the next 
big step in 
human space 
exploration 


Left: These 
results 

further our 
understanding 
of exactly how 
the two bodies 
are composed 
and how they 
came to be 


Right: 

The Mars 
helicopter is 
the first of 
its kind 


© NASA/JPL-Caltech 


iN ene Shee Born el 
CE: 
NASA powers 
up Mars 


helicopter for 
wie a 


Words by Samantha 
Mathewson 


NASA's Mars helicopter, 
named Ingenuity, 
successfully powered up for 
the first time in space last 
week. Ingenuity is the first 
helicopter designed to fly on 
another planet. It is currently 
travelling to the Red 
Planet aboard NASA's Mars 
2020 Perseverance rover, 
which launched on 30 July. 

On 7 August the 
helicopter’s six lithium-ion 
batteries were powered up 
and charged for the first time 
in space. The 1.8-kilogram 
(four-pound) Ingenuity, which 
is currently stowed beneath 
Perseverance’s belly, receives 
its charge from the rover's 
power supply. 

“This was a big milestone, 
as it was our first opportunity 


to turn on Ingenuity and 


give its electronics a ‘test 
drive’ since we launched on 
30 July,” said Tim Canham, 
the operations lead for 
Mars Helicopter at NASA's 
Jet Propulsion Laboratory 
(JPL) in California. “Since 
everything went by the 
book, we'll perform the 

han loms ele haiaiare ele bim oo a's 
two weeks to maintain an 
acceptable state of charge.” 





MEGON 
MINITRACK L 
MOUNT | 


Take your astrophotography 
to the next level with this 
mechanical mini-mount 


The Omegon MiniTrack LX3 mount, provided by 
astroshop.eu, is a unique mount that can help 
track the motion of objects in the night sky in the 
Northern Hemisphere, making it ideal for long- 
exposure and wide-angle astrophotography shots. 
Better yet, the mount doesn't require a portable 
power source and features a completely mechanical 
clockwork mechanism, simply wound up by hand. 

The impressive clockwork mechanism helps track 
the movement of the stars for up to 60 minutes 
and - for cameras and telephoto lenses up to about 
300mm (11.8 inches) - offers the chance to take 
some spectacular photographs of the glimmering 
night sky. The mount doesn't take up a lot of room 
either, allowing you to store it in a backpack and 
pulled out whenever opportunity strikes. With the 
smooth camera motion that this fully mechanical 
mini-mount provides, astrophotography has never 
been so easy. 


To be in with a chance of winning, answer this question: 


Arcturus Vega Sirius 


Enter online at spaceanswers.comi or by post to 
All About Space competitions, Quay House, The Ambury, Bath, BA11UA 


Visit the website for full terms and conditions at futureplc.com/terms-conditions/ 
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2 _ As the hunt fora 
PMR a '.. Mysterious world at our 
_ solar neighbourhood's edge 
- steps up, something more 
— exotic might also fit the bill 


t's been four years since Mike 








Brown, the astronomer who 
removed Pluto's status as a planet, 
i added a hypothetical one back. 
, erin in to explain strange orbits in the outer Solar 
“as POM] Ro) FOP Dem DelOlM aloe ne years the Vera C. Rubin 
Observatory will map those celestial backwaters 
to help find Brown's Planet Nine. A ELa| 
md nhks target can't be seen? It’s a possibility that 
hit the headlines last year when Planet Nine was 
replaced, at least in excited media headlines, by 
an. ancient black hole. Brown himself addressed 
ed TB oles Leyla Aa eater on Twitter: “P9 could 
definitely EW Ed ests) CHET Ko) aveare te ime coma alow ered ale 
‘mass. In fact, it could also be a six-Earth-mass _ 
ETE aOR CERES Otel CM ty ertea mats 
outer Solar System a statistical possibility worth 
considering? Or a whopper of a stab in the dark?. 
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By monitoring a billion stars, we are finding the fingerprints 
of rogue planets, stars.and possibly black holes | 


When an object of mass passes 
in front of a distant star, it can 
actually make the star brighter. 
While some stellar radiation 
will be blocked, more light rays 
become bent towards Earth by 
the foreground object's gravity. 





A number of objects are 
capable of producing the 
microlensing effect. These 

# include rogue planets, brown 
dwarfs, white dwarfs, neutron 


One set of gravitational anomalies 
observed by OGLE has defied 


interpretation. Six ultrashort 
microlensing events with crossing 
times of 0.1 to 0.3 days have been 
identified by Tokyo University's 
Hiroko Niikura as a possible local 








| OGLE is just one of the 
observatories that have 

| looked for microlensing. 

| These include the Anglo- 

| Australian MACHO 

| project, the French EROS 

| collaboration and Japan's 

Hawaii-based Subaru 
telescope. Together they 
monitor over a billion stars 

| towards the galactic centre. 


The Spitzer Space Telescope 
also looked for microlensing 
effects. However, because of its 
different line of sight compared 


7 to Earth telescopes, accurate 


timing comparisons can be used 
to triangulate the distance to the 
lensing object. 
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Answers are out there among trans-Neptunian 
objects (TNOs). Ancient debris left over from planet 
formation, the TNOs were swept up by a young, 
migrating Neptune and dumped far from the Sun 
in the Kuiper Belt. The ice giant’s hold on this ring 
of rubble continues today, though its influence has 
changed. Once the source of gravitational chaos, 
Neptune now brings order to the Kuiper Belt. Any 
resident knocked out of the orbital plane is brought 
into line. “TNOs are really interesting because they 
explore the outer reaches of the Solar System, but 


they're partially driven by Neptune, which gives 


them a little kick,” says Jakub Scholtz of Durham 
University. “These kicks randomise them in such a 
way that they should look pretty uniform.” 

It was the lack of uniformity that made Brown 
and his California Institute of Technology (Caltech) 
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colleague Konstantin Batygin's discovery so 
intriguing. Six TNOs with similarly tilted orbits were 
all found pointing in a similar direction. Worldwide 
headlines followed when the culprit was identified 
as a five to ten Earth-mass planet. The theory raised 
questions, primarily about what a large planet was 
doing out there. Observations of other planetary 
systems have shown building materials that far out 
in short supply, ruling out in-situ formation. Was 
Planet Nine another reject from the inner Solar 
System, or a captured interstellar wanderer? 

Scholtz doubts the ejected planet scenario, 
however, as a single gravitational kick simply 
elongates a planet's orbit. Its closest approach would 
still stay roughly the same unless you can account 
for a series of kicks, which is significantly less likely. 
The other major question was more obvious. If 


Planet Nine was a victim of cosmic piracy, where is 
the stolen bounty? 

This was always going to be a challenging hunt. 
Planet Nine is thought to be several times the size 
of Earth due to the observed influence, but it’s way 
out there, at least ten-times further than Neptune. 
Leading the search in recent years has been the 
Dark Energy Survey, which maps the Kuiper Belt 
looking for unexplained gravitational influence. 
Meanwhile NASA's Backyard Worlds project 
posts images from the Wide-field Infrared Survey 
Explorer (WISE) for the public to search themselves. 

Neither have found their prime target, which is 
why many hopes are pinned on the Vera C. Rubin 
Observatory. Coming online in 2021, it aims to 
characterise around 40,000 TNOs and scattered- 
disc objects. “If Planet Nine is a conventional planet, 





© NASA 


I think it is expected to be discovered by the Vera 
Rubin Observatory,” says Ed Witten, a theoretical 
physicist at the Institute for Advanced Study. 

But perhaps Planet Nine isn't a planet at all. As 
Brown acknowledged, all we know about it is its 
influence on TNOs. Everything else is inferred. And 
while there was no reason to doubt Brown and 
Batygin's original suspect, a challenger emerged 
when Scholtz and James Unwin, assistant professor 
at the University of Illinois at Chicago, came across 
something interesting in the Chilean Andes. There 
the Optical Gravitational Lensing Experiment 
(OGLE) monitors a billion stars towards the galactic 
centre, looking for shadowy brown dwarfs and free- 
floating planets passing across the starfield. 

The resulting gravitational ‘microlensing’ events 
give clues about their mysterious photobombers. 
However, one microlensing signature proved 
difficult to attribute. Ultrashort occultation events 
lasting just a few hours kept appearing. The OGLE 
team's conclusion was a local population of free- 
floating planets. But six nearby rogue worlds 
seemed a lot given the average number of planets 
produced per star across the galaxy. 

In January last year Tokyo University's Hiroko 
Niikura proposed a radically different culprit: a 
community of nearby primordial black holes (PBHs). 
These were proposed by Stephen Hawking in the 
1970s as a product of the early universe, when all 
matter was packed together. This meant random 
patches of slightly elevated density could frequently 
reach a critical level that trapped them behind 
gravitational points of no return. The result was 
huge numbers of low-mass black holes. 

For a few decades PBHs were best known as 
a potential explanation for dark matter. Mostly 
because you didn't need to conjure up new 
particles, and cosmologist's models could produce 





Solar System's black hole 


PLANET NINE COULD DEFINITELY BE A 
BLACK HULE, As LONG As IT IS THE 


RIGHT MAss 


universes full of them. However, 
in recent decades OGLE and 
other microlensing surveys have 
dashed those hopes by drawing 
blanks for many critical proposed 
PBH masses. “There's still some 
window," says Kathryn Zurek, a dark 
matter theorist at Caltech. “They could be 
10 per cent or 20 per cent of dark matter, but you're 
not driven to them as a candidate in comparison to 
20 or 30 years ago.” 

While the dark matter mystery remains, Niikura’s 
paper claimed a local PBH population of 0.5 to 20 
Earth masses could reproduce OGLE’s six ultrashort 
microlensing events. For Scholtz and Unwin, that 
familiar mass range immediately caught the eye. 
“As physicists we're trained to think there are no 
coincidences,” says Scholtz, who wondered if one 
of Niikura's black holes was lured into the Solar 
System to warp TNO orbits. It’s an intriguing 
scenario, not least because it replaces our ninth 
world with something far smaller. 

To investigate their idea, Scholtz and Unwin 
compared capture probabilities for rogue planets 
and pocket black holes. In a paper posted last 


September they took a number for rogue planets 
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~~ Solar System's black hole 


passing through our Solar System based on planet 
production and ejection per star, and one for the 
population of PBHs predicted by OGLE. They 
applied these to a 2017 model from Nadav Goulinski 
at the Israel Institute of Technology which allows 
you to throw bodies of various mass and velocity at 
our Solar System to see what sticks. 

Goulinski's model highlighted two points: rogue 
planet capture is rare, but black hole capture is 
rarer still. While the model suggests a quarter of 
a kilometre per second as a top-end velocity for 
capture, rogue planets travel at the velocity of 
their parent stars, at around 40 kilometres (24.9 
miles) per second. PBHs are thought to move at the 
velocity of cold, collisionless dark matter, expected 
to be several times faster again. But cosmic piracy is 
a numbers game, and while rogue planets are more 
Speed matched to our Solar System, their lower 
frequency seems to even things up. 

“I don't want to use the word miraculous, but 
Surprisingly it almost cancels out,” says Scholtz. “If 
you were willing to think about Planet Nine as a 
captured rogue planet, then given the OGLE result, 
you should consider thinking about it as a captured 
black hole.” Not everyone agrees. Zeeve Rogoszinski 
is a planetary dynamics researcher at the University 
of Maryland. He questions Scholtz’s dismissal of 
planetary ejection to account for Planet Nine's 
distant location, pointing to Solar System evolution 
models that work better with an extra primordial 
ice giant. The ‘five-planet Nice model’ includes 
the premise that Uranus and Neptune formed in 
between Jupiter and Saturn before ejection. “If you 
add a fifth ice giant to that scenario, it’s much more 
likely that Uranus and Neptune would remain in 
our Solar System,” says Rogoszinski. 
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Right: 
Proposals to 
reach Planet 
Nine are based 
on lightsail 
technology 


Below: The 
Kuiper Belt 

is made up 

of scattered 
debris left over 
from planetary 
formation 


If Scholtz is right and capture is most likely, then 
the PBH hypothesis would clearly benefit from 
proof these objects exist in abundance. Niikura 
suggests comparing microlensing events observed 
towards the galactic centre - where both rogue 
planets and PBHs are thought to be prevalent - with 
data from the Large Magellanic Cloud. This local 
Satellite galaxy is relatively depleted in planets, so 
the contribution from PBHs could be teased out. 

Building this theoretical case seems sensible. 
And yet, with a potential black hole inside our 
Solar System, it is not surprising Scholtz's paper 
inspired a host of mission concepts aiming straight 
for this mysterious gravitational heavyweight. 

“It seems obvious that if there is a black hole in 
the outer Solar System, we want to find it,” says 
Witten. He was first off the mark with a concept 
for laser-propelled, lightweight spacecraft attached 
to lightsails. Based on the Breakthrough Starshot 





concept to reach our nearest star Alpha Centauri, 
Witten suggested launching hundreds of craft 
spreading out along our Solar System's orbital plane. 
Unlike the Starshot craft, Witten’s would carry an 
atomic clock and a transmitter. This additional 
weight would mean a decade-long journey, but 
would allow each craft to alert us if they encounter 
a planet or black hole through their acceleration. 
Others proposed improvements to Witten's 
proposal. In his own paper Rogoszinski scrapped 
the weighty clock and suggested looking for bends 
in a craft's trajectory from the same gravitational 
influence. Harvard theoretical physicist Avi Loeb 
thought both approaches failed to address the 
noisy environment inside which our target likely 
resides. “Once you go past about a hundred AU 
you're battered by the interstellar medium,” explains 
Scholtz. “For a precision mission this could be a 
serious hurdle.” 


Source: Wikipedia Commons © Jason Davis / The Planetary Society 
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Light beam 
transportation 


In the 1960s it was 
suggested the newly 
invented laser could 
accelerate armies of 
ultralight sail-bound 
craft a substantial 
fraction of the speed 
of light, opening up 
interstellar travel - or 
a fast way to reach the 
outer Solar System. 


Scales up effectively 
The energy cost per lightsail craft is 


lasers will burn it up. 


Soy System's black hole 


SUE 
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How a mission to Alpha Centauri has inspired an approach to 
pinpoint our mysterious outer Solar System object 


Hedging your bets 


With no clues where around 
its proposed orbit Planet Nine 
or our black hole might be, 
Starshot's safety in numbers 
approach to space travel would 
see hundreds of spacecraft 
launched in various directions. 


A perfect mirror 


Each proposed lightsail is four 
metres (13 feet) across, but just a few 
hundred atoms thick. The sail material 
needs to be an almost-perfect mirror, 
reflecting 99.99 per cent of the 
photons that reach it, otherwise the 





only around $8,000 (£6,100). With an 
achievable velocity of a thousandth the 


speed of light, we could reach Planet 


Nine’s orbit in a decade. 


Narrowing down the search 
Once Planet Nine is found by the brute force 


method, subsequent, more focused searches 
could pin down its location far more precisely, and 
perhaps make a close-up study of the object. 
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Point your lasers to the sky 


_ of laser energy into the sky. 
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Sensor 
network 


In Ed Witten’s 
Starshot-inspired 
proposal to find Planet 
Nine, each craft is 


fitted with an atomic 
clock, broadcasting 
time signatures. Any 
craft on the right path 
will accelerate due to 
our target's gravity, 
lengthening the gaps 
between signals 

| received on Earth. 


The payload 


Each Starshot lightsail 
is designed to carry a 
chip the size of a postage 
stamp, containing a 
camera, processor, 
battery and transmitter. 





Light propulsion requires enormous power. Current 
plans to reach our nearest star are based around a one- 
| kilometre (0.6-mile) wide grid of lasers firing a gigawatt 
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Solar System's black hole 


























THE VERA C. RUBIN 
OBSERVATORY: HOW IT WILL 
HELP FIND PLANET NINE 


In 2021 the Vera C. Rubin Observatory will come online, 
spending ten years searching the entire southern sky for 
objects of all types beyond Neptune 


Mirror in motion 


The observatory’'s 8.4-metre 
(27.5-foot) mirror can track 
across to survey the entire 
Southern Hemisphere sky twice 
a week. This will come in handy 
for locating Planet Nine or our 
mystery black hole. 


A camera the size of a car 


Images will be recorded by a 
3.2-gigapixel camera, the largest ever 
constructed. It will take a 15-second 
exposure every 20 seconds to help 
detect and map 40,000 objects 
beyond Neptune. 












Left: The 


_— a : Vera C. Rubin 
rl i observatory o : 
. will map Onsite maintenance 
the outer To maximise imaging time for 
Solar System characterising 100-times more TNOs than 
with the are currently known, the observatory has 
world's largest a cleaning and coating area where mirrors 


digital camera are washed and recoated. 





The telescope's sensitivity 
is maintained by cooling 
the mirror temperature. 
This could allow for the 
detection of flares given out 
if our primordial black hole 
consumes a passing comet. 


The observatory’'s 
orientation was selected 
after extensive testing to 
minimise air disturbance, 
giving some confidence 
that it will be able to detect 
brightness variations, 
measure TNO colour and 
infer composition. 











Loeb proposed 
a longer mission, 
sending craft weighing 
a kilogram or more to 
minimise drag. This added 
weight could also allow for 
instruments to differentiate 
between a planet and a black 
hole. However, if such a multi-decade trip 
doesn't appeal, a laser-shot mission will be limited 
to locating our elusive gravity source. Then Earth 
telescopes can at least focus down on a particular 
patch of sky where a distant planet might be 
teased out eclipsing background stars. “If it's a black 
hole the size of a baseball, we wouldn't be able to 
observe any occultations,” points out Rogoszinski. 
In the meantime, Scholtz highlights a potential 
signal that could tip the planet-black hole scales 
towards the latter. While primordial black holes 
disappointed as dark matter, we'd still expect one 
to be surrounded by the mysterious substance. 
Indeed, Scholtz calculated his PBH would have a 
five-centimetre (1.9-inch) radius and come with 


‘TF PLANET NINE Is A CONVENTIONAL 
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Right: The 
OGLE facility 
may have 
spotted the 
fingerprints 
of primordial 
black holes 
within its 
starfield 


par System's black hole 


a dark matter halo extending 

out a billion kilometres. “In 

most scenarios dark matter 

can annihilate and form visible 
signals,” says Scholtz, who 
suggests it’s possible we've seen 
halo signals within observations of 
the Fermi Gamma-ray Space Telescope. 

Though he admits it's one thing collecting this 

data, it's another teasing it out from its billion- 
photon database. 

Unfortunately, whether it’s dark matter 
annihilations, starfield occultations or spacecraft 
gravitational deflections, this mystery in the outer 
Solar System isn't giving up its secrets easily. In 
the absence of anything firmer, Scholtz sees the 
positives in the fact his theory can simultaneously 
explain two anomalies. Others need convincing. 

“The odds are it’s probably not a black hole,” 
says Rogoszinski, who sees many reasons why this 
object has eluded observation without it being a 
tiny black hole. “Maybe its reflectance is very low, 
or maybe there are no stars behind it to occult?” 
However, he admits that if searches continue to 
draw blanks, at some point the probability will 
begin to shift. Zurek is in agreement. “I think it’s 
probably not [a black hole], but it’s not really ruled 
out. If there's an existing instrument, let's have fun.” 

Fun is one way to describe such a discovery. 
Scholtz goes with ‘staggering’ and a few other 
effusive terms. “To be able to experiment with 
the black hole, that would be a dream come true. 
We could really understand a lot about gravity, 
about general relativity, but also about quantum 
mechanics. It would be a new window into science.” 
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Future tech Space fishing 


FISHING ON 
OTHER WORLDS 


Could space fishing be the answer to a low-cost sample-and-return mission? 


espite a raft of probes and landers 
Kee vi aTem eee EN wie oMO) MED ere) a 
planets, moons, asteroids and 
comets, nothing quite beats having 
extraterrestrial samples in your hands to analyse. 
However, the high cost this entails has been 
extremely prohibitive up until now. Scientists 
have had to be able to find a spot to land, touch 
down gently on the surface, collect samples and 
finally have enough fuel left to escape the gravity 
of their landing site. This takes time, precision 
and money, so the quest to find a practical way to 
collect samples cheaply has been a high priority 
for a long time. Enter Professor Robert Winglee 
and his team from the University of Washington, 





who have come up with the concept of fishing 
for samples in space. 

The idea is beautiful in its simplicity - a probe 
would near an object of interest, open up a tube 
and fire a tethered rocket to the surface of the 
planet or moon. This would smash into the 
ground, and hopefully a few metres into it. The 
impact would force material through an opening 
in the top of the harpoon, where it would be 
stored. The device would then be reeled back 


meUE WO 

One plan is for the 
spacecraft to be filled 
VLMa ieee paola) a 
which will enable 
analysis of the 
samples to occur 
while the spacecraft 
Mtr Y2) ee 


into the probe, much like a fisherman would 
reel in a fish. This would then be safely stored 
until the spacecraft's return to Earth, where 
researchers could analyse data with their own 
eyes, hands and instruments, rather than relying 
on machinery millions of miles away. 

Apart from the advantage of returning data to 
scientists, there are a number of pluses to space 
fishing - mainly that the spacecraft would no 
longer need to land on the surface of the planet 
and get trapped in its gravitational field. This 
would mean an awful lot less fuel would be 
needed. Missions could be completed on a far 
SJnoke Vi (ej olblelex=j mo) and el oe-) oy-learel eelamee bn Om MENU a 
much further before returning home. 

The time taken to prepare for the mission 
would also be reduced, as a safe landing spot 
would not need to be found. The mission itself 
would be much quicker too, as the spacecraft 
would only be passing by a place of interest 
rather than landing, stopping, collecting and 
launching back home again. 

The main challenge to Winglee and his team 
has been the construction of the rocket that gets 
fired into the surface of the planet or moon. It 


has to be phenomenally strong to withstand 
the force that will accompany the firing, as well 
as the impact as it attempts to burrow into its 
target. Currently it’s made of steel and is able. to 
power through 1.8 metres (six feet) of concrete, 
but it will have much tougher material to get 
through than that in outer space. The inner 
casing of the craft also has to withstand a huge 
shock and stay intact, as it will be carrying 
valuable samples back to Earth. 

The project is currently at the Phase II stage, 
meaning that NASA's Innovative Advanced 
Concepts (NIAC) program is providing Winglee 
with a further £300,000 ($500,000) to enable 
him and his team to research this project for 
two more years, having already funded it so 
far. However, should the team succeed in their 
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for science on NASA's investment could be huge. 








2 Spacecraft 

Without the need to land the 

spacecraft can run with much less fuel 
Romie neice 
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Once the probe has entered 
the target, rock samples will. be 
forced through the openings 
and secured tightly. 





5 Nose cone 

This steel structure has 
to bury itself into the 
surface of the planet 
or moon so the device 
can collect valuable 
samples to analyse. 


6 Body 


This also has to be very strong because 
if it ccumples upon impact the sample 
could be‘damaged or lost. One option 
is foam epoxies to reduce the blow and 
maintain structural integrity. 
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When the Sun scorches Earth, a tiny 
moon in orbit around the ringed giant 
Saturmis our next home 


Reported by David Crookes 


@WNASA/JPL-Caltech 
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ur planet may have 
survived for 4.5 
billion years, but 





humanity faces 
some major threats. There's 
always the possibility that an 
asteroid will wipe us out, just as one 
did for the dinosaurs some 65 million 
years ago. We could be engulfed by a gamma-ray 
burst or disrupted by a wandering star. There are 
also dangers closer to home, from volcanoes to 
nuclear war. Even supposing humans manage to 
survive all these threats, we can still say for certain 
that life here on Earth will eventually be no more. 
In around 5 billion years from now the Sun will 
undergo a massive change that will fundamentally 
alter our Solar System. It will cause the end of not 
only all life here on Earth, but possibly the entire 
planet, and we will have no choice other than to 
find somewhere else to live. 

Astronomers have been looking at the 
possibilities of colonising other planets for years. 
Mars currently tops the list of destinations, with 
NASA working hard to develop the capabilities 
needed to send humans to the Red Planet in the 
2030s. Yet some scientists are taking a much longer 
view. Rather than looking towards the terrestrial 
planets for our new home, they say humans will 
one day have to relocate to the outer Solar System if 
they want to survive. As it currently stands, sending 
scores of humans to live beyond the asteroid belt is 
out of the question. The four gas giants are utterly 
unsuitable for life, and the moons of the outer Solar 
System are well outside of the habitable zone - the 
region around the Sun where the atmospheric 
pressure is able to support liquid water, making 
conditions for life as we know it ‘just right’. 

Yet things can and will change. The Sun is 
getting gradually warmer, and it will eventually 
become so hot that it will boil off Earth's oceans. 
This will happen sooner than we think. “In around 
a billion years’ time, Earth will probably no longer 
be habitable for humans,” says Benjamin Charnay, a 
research associate at the French National Centre for 
Scientific Research from the Observatoire de Paris. 
“The increasing solar insulation means Earth will 
either evaporate all of its oceans or lose them by the 
atmospheric escape of hydrogen.” 

But that will only be the start. Even if humans 
do somehow survive the mass loss of water on 
Earth, the next thing to be affected would be the 
current habitable zone. At some stage the Sun's 
hydrogen supplies at its core are going to deplete, 
and gravity will take over. Nuclear fusion - the 
energy-generating process of converting hydrogen 
into helium - will cease, bringing an end to 10 
billion years of stability. As the Sun's core collapses, 
helium will fuse into carbon and the Sun will bloat 
up into a red giant, 256 times its original size. “The 
Sun will swell out to beyond the orbit of Earth,” says 






Dr Christopher McKay, a planetary 
scientist at NASA Ames Research 
Center. The effects of all of this 
will be devastating for both Earth 

and the entire inner Solar System, 

and at this stage staying put on our 
planet will not be an option. 

After all, the outer layers of the Sun 

will now be at escape velocity and peeling away. 

Mercury and Venus will be engulfed, and the orbits 

of the planets will be widening due to a weakened 

gravitational pull. “Even if it survives, Earth will 

be inside the Sun's atmosphere,” McKay adds. If 

all of this sounds quite gloomy for the future of 

humankind, then be assured that it is. “The issue 

for humans would be to survive to this time,” says 

Charnay, strongly hinting that there is every chance 

that nobody will be around to see any of it. 

Let's suppose that humans do manage to get that 
far. Where will they be able to go when the Sun has 
turned a vivid red? The smart money is on a lovely 
home overlooking Saturn and its stunning system 
of rings. In the new order of the Solar System, 
Titan, Saturn's largest moon, is likely to become the 
number one destination for humans. It won't be 
easy - the journey to Titan from Earth takes some 
seven years, which will excessively burden the 
body and mind of any astronaut - but it could be 
the perfect escape route that will keep humankind 
going for many more millions of years. 

It may be hard to imagine that a moon which is 
ten-times further away from the Sun than Earth 
could possibly become a new human base, but 
Titan is actually a close match for our planet. In 
many ways it mimics Earth's primitive state. As 


Left: The 
Cassini- 
Huygens 
mission sent 
back up-close 
views of the 
Saturnian 
moon 


Below: Titan's 
water ice 
holds key 
ingredients 
necessary for 
life - they just 
need heating 


IN AROUND A BILLION YEARS TIME, 
EARTH WILL PRUBABLY NU LONGER BE 
HABITABLE FUR HUMANS: 


BENJAMIN CHARNAY 
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such it has proved fascinating for astronomers who 
have been building up data about the moon since 
Huygens, an atmospheric entry probe, landed there 
in 2005 following a seven-year journey as part of 
the Cassini-Huygens mission. It was the first-ever 
landing accomplished in the outer Solar System, 
and it will not be the last by any means. When the 
day comes that space agencies are seeking to send 
manned flights to Titan, you can be assured that 
the technology needed to safely transport people 
3.2 billion kilometres (2 billion miles) across the 
Solar System will be very much in place. 

Titan is one of only three worlds in the Solar 
System with rocky surfaces and thick atmospheres 
- Venus and Earth being the others. “The thick 
atmosphere cuts down on radiation, so it is a very 
neutral environment,” says Dr Mike Malaska, a 
scientist at NASA. It has a gravity that is similar 
to that of our own natural orbital satellite, making 
Titan the easiest place to fly and land in the Solar 
System - something that should help with future 
colonisation. Astronauts will be able to navigate 
Titan wearing just warm coats as it benefits from 
having zero to low pressure, unlike our Moon or 
Mars. “The Moon and Mars both share the problem 
that if humans didn't wear spacesuits they would 
die rapidly from depressurisation, which the movies 
like to show as being explosive,” says McKay. “On 
Titan a spacesuit is not required.” 
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known oil and natural gas reserves 
on Earth. 


Gravity and -° 
atmosphere 


nitrogen atmosphere that is 
ten-times larger than Earth's. 
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Titan has weather, and it is the only body in the 
Solar System other than Earth to possess surface 
lakes and seas. It also has river channels, dunes 
and complex hydrocarbons, along with pebbles of 
ice that point to an existence of water in the past. 
Crucially, it has copious organic raw materials. 
“These would be great for colonialists to use for 
manufacturing things,” adds Malaska. “The diversity 
of features on the surface suggests that there might 
be different patches of different types of organics 
- kind of like the different rock outcrops here on 
Earth. There might also be outcrops of water ice, so 
water might be available after heating it.” 

Indeed, astronomers say that all Titan effectively 
needs is warming up to make it a viable home. 
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“Temperature is a current problem on Titan,” says 
McKay, as the moon receives one-hundredth of the 
solar heat we get here on Earth. “At -180 degrees 
Celsius (-292 degrees Fahrenheit), if you visited 
today it would feel like plunging into freezing 
cold water, so humans would have to find a way 
of keeping very warm. We'd have to wear special 
Spacesuits like the ones divers wear. Yet all this 
changes once the Sun becomes a red giant.” 
When the Sun has transformed, Titan will be 
in the middle of a new habitable zone, which will 
have moved deeper into the Solar System, taking 
it as far as the Kuiper Belt. The frozen moons of 
the outer planets will become far warmer, melting 
ice into liquid water and allowing life a chance to 
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“THE SUN WILL SWELL OUT TO BEYOND 
THe URBIT UF EARTH. EVEN IF IT 
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largest moon as aT eye moon 
* Ganymede will still exist. 
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the Sun, Titan will be in the 
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(-94 degrees Fahrenheit). 
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large oceans of life-giving water. 
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will deplete and methane-based / seas, which are 
greenhouse effects will kick in. mostly liquid 
# methane and 
ethane 





flourish. As McKay, Ralph Lorenz and Jonathan 
Lunine wrote in an important paper published back 
in 1997, Titan would respond well to being given a 
new lease of life, and humans could benefit greatly 
from it. 

Quite apart from the Sun raising the moon's 
temperature to -7O degrees Celsius (-94 degrees 
Fahrenheit), they noted that the surrounding thick, 
orange haze of Titan's atmosphere would also 
be depleted. Since the haze currently allows the 
surface to be unaffected by the increase of solar 
radiation caused by the Sun being closer and hotter, 
this would enable a greenhouse effect, creating an 
environment that would be suitable for life. Things 
would begin to slot into place. 

What’s more, the moon's warmer temperature 
would also change the composition of the 
atmosphere. Currently it is made up of 95 per cent 
nitrogen and five per cent methane and “the air is 
thicker than Earth by a factor of seven,” says McKay. 
But 5 billion years from now “the luminosity will be 
large enough to affect the icy crust and liberate a 
water-ammonium ocean,” says Charnay. The effects 
will be jaw-dropping. 

Dr Carrie Anderson, planetary astronomer at the 
Astrochemistry Laboratory at NASA Goddard Space 
Flight Center, says the water will melt, mix with the 
organics and make up amino acids, which contain 
carbon, nitrogen, oxygen and hydrogen - the basic 
elements necessary for life. “Titan has all of these,” 
She told an audience at the Library of Congress in 
the US. “It's just waiting. It’s ready to go.” 

Even so, there are still some doubts: “It would 
be difficult to produce an oxygen-rich atmosphere 
because Titan's atmosphere and interior are very 
reducing,” says Charnay. “For instance, there is a lot 
of methane, which would react to destroy oxygen.” 
There would also be something of a race against 
time in order for life to form and flourish. Titan will 
have a window of ‘just’ 1OO million years for life 
to emerge, for reasons we'll come to in a moment. 
Anderson believes that this is sufficient time for life 
to form on Titan, however, making it a viable future 
home for humans. “At this moment in time the ice 
will melt in the mantle, and a lot of it should melt, 
so you should have liquid water. Then we have all 
those organics just sitting around on the surface 
just waiting for the Sun to heat them up,” she says. 

It is a prospect that also excites Malaska. “When 
the Sun evolves into a red giant, Titan will heat 
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Titan 


up,” he says. “The water ice in the crust will melt, 
and the organics on the surface will probably react 
with water, each other and themselves. It'll be a 
wonderfully interesting organic chemistry mess. 
Most of the organic ‘goo’ will be floating on the 
surface of the water.” 

And yet there is a possibility that life already 
exists on Titan. Malaska says life could be based 
on different sets of molecules and interactions, and 
that microscopic alien organisms may already be 
Swimming in seas of methane. Could this have a 
profound effect on our ability to colonise Titan in 
the event of a red giant? Would questions be raised 
over our chances of adapting and living alongside 
such alien life? Time will tell, and scientists will be 
working on those very answers. 

“If we discover life on Titan, it would be 
incredibly huge,” says Malaska. “It would be a 
fundamentally different type of life and would 


Red giant 


Residents on Titan would 
see the Sun as a huge, vivid 
red ball. 
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take our fundamental understanding of biological 
processes to a new level.” 

He claims that Titan has already changed 
how we think about geology: “Comparing and 
contrasting the geology of Earth and Titan is a 
powerful tool. With regards to geology, we talk 
about how lakes and rivers work and now have 
examples using both water and hydrocarbons, so 
we can understand the fundamental processes even 
though the materials, temperatures and gravity 
fields are totally different. 

“Discovering life on Titan would likewise change 
our understanding of the fundamental processes 
of biology. It would extend our concept of the 
habitable zone where surface liquids exist to a 
different temperature range and set of surface 
conditions. It would also tell us that there may be 
even wilder and weirder temperature and chemical 
regimes that we can start to think about.” 


But even if life exists, emerges or travels to 
Titan, one thing is certain: it won't be staying there 
forever. Any migration from Earth to Titan will 
always be temporary since it will start to get too 
close to the Sun. Once those 100 million years are 
up, liquid water on Titan will evaporate and the 
moon will suffer an incredible rise in heat. 

But there is potential for a reprieve. The Sun 
will later contract and become a white dwarf that 
will burn for a billion years. This will place Titan 
back into the habitable zone once again. It means 
that any humans who escape to Titan and then 
suffer another setback as Titan is burned dry 
could - if they somehow hold out, and quite how 
is anybody's guess - have another opportunity for 
a long existence on Saturn's moon. As Anderson 
told her audience: “Maybe life has a real chance on 
Titan during those billion years.” For the sake of the 
future of humanity, we sincerely hope it does. 


What a view 


From some areas of Titan, 
| around a third of the view will 
be taken up by Saturn. 


A lovely atmosphere 
The thick atmosphere is 1,000 


kilometres (621 miles) high, compared 
to 100 kilometres (62 miles) on Earth, 
making deliveries easy. 
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~ WOUIC it really De like to live on Titan? 
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A spacesuit 
is only needed 
to breathe and 
keep warm. 
Walking will be 
like trekking 
through pillows. 


Indoor life 


People living on Titan would live 
indoors where the environment can 
| be better regulated. 


Lots of lakes 


Lakes on Titan could be used for 
transport and, by using dams and 
gates, power generation. 





Discover the art that 
came before the missions. 
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This stunning large-format book features 200 carefully selected original 
NASA artworks giving the reader a glimpse of NASA history like no other. 


From space suits to capsules, from landing modules to the Space Shuttle, 
the International Space Station, and more recent concepts for space planes, 
The Art of NASA presents 60 years of American space exploration in an 
unprecedented fashion. 


The insightful text relates the wonderful stories associated with the art. 
For instance, the incredibly rare early Apollo illustrations show how Apollo 
might have looked if the landing module had never been developed. 


The Art of NASA is a must for all NASA fans and anyone interested 
In space exploration. 


Available now online and from all good bookshops. 
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Pavlo Tanasyuk 


THE YEAR BRITAIN 
LAUNCHES 10 THE MOON 


Before humankind returns to the lunar surface, Uk-built robotic spiders will 
be skulking across it. All About Space speaks to Pavlo Tanasyuk, the CEO 
of Spacebit, on spearheading an initiative to explore ancient lunar lava tubes 


For anyone looking to put the day in their 
calendar, when and where can we expect the 
launch of Spacebit's mission? 

We don't know the exact date right now, but it's 
Summer 2021. There can be a slight delay because 
of the supply chain. The main customer for the 
United Launch Alliance (ULA) Vulcan Centaur 
launch is Astrobotic. But we trust the ULA and 
Astrobotic to get us to the Moon safely and on time. 


Have you mapped out where the Peregrine lunar 
lander is set to land on the Moon? 

Lacus Mortis. It’s north of the equator a little bit. 

It can get changed, but we expect that it will be 
there. The reason for that is because it's quite flat, 
but there is a potential lava tube in the proximity of 
our landing site. It's a bit of a stretch to say that we 
will enter a lava tube during our first mission, but 
that's our ultimate goal. That's why it has legs and 
not wheels, because it’s designed in a unique way 
so that it can walk on rough terrain and crawl into 
some interesting spots. 


Regarding the Asagumo rovers, these look 
absolutely fascinating, but in terms of 
engineering, what size are they, how do they 


Interviewed by Lee Cavendish 


move and how are they shielded from the 
unfiltered rays of space? 

That's a good question. The size is, with the legs 
folded, we are talking about 16 to 18 centimetres 
long (six to seven inches) and about 14 centimetres 
(5.5 inches) tall. 


No bigger than a toaster, for example? 

Yes, it's basically like a nice toaster with legs, and a 
very expensive one. We have to protect the rover 
from the external environment, and that includes 
all sorts of radiation. It includes the Sun's radiation 
and its heat as well as some stronger particles. 

The major concern is the balance of the 
temperature. It is something which is important 
because our rover is quite small, and we have 
quite a few things inside. We have a battery, we 
have a transmitter, we have a motherboard and a 
controller for the legs - it's very complex machinery 
in something of that size. You can almost compare 
it to a CubeSat in terms of size, but the rover is 
slightly larger. However, because the CubeSat is 
usually in low-Earth orbit, it's not in deep space, 
and the environment is not as harsh in terms of 
the solar rays, and therefore it’s not in a thermally 
unstable condition. 


We will have to fly through deep parts of 
this space, in a very cold condition. Then when 
deployed it’s going to be heating up to roughly 75 
degrees Celsius (167 degrees Fahrenheit) when we 
land. Probably in a couple of days it will reach above 
100 degrees Celsius (212 degrees Fahrenheit). The 
maximum that you can get on the lunar surface is 
about 130 degrees Celsius (266 degrees Fahrenheit). 
However, once a shadow looms over it becomes 
cold very fast. We're trying to build lunar rovers that 
can withstand these deviations. 


L EFT: Spacebit’s 
Asagumo rover 
weighs in at 

1.3 kilograms 
(2.9 pounds) 


R IGHT: Tanasyuk 
believes that 
lunar lava tubes 
offer the perfect 
protection from 
harsh cosmic 
radiation 





_ Interview Pavio Tanasyuk 


The rover has a very unique look with its spider- 
like legs. How does this give you an advantage 
traversing the lunar surface as opposed to 

using wheels? 

Many people were sceptical about the legs - and 
some of them still are. Even though we have 
already demonstrated it can move on the surface of 
Earth, we still have to prove that it can do the same 
on the Moon, but yes, there is some scepticism from 
the scientific community. 





Left: Tanasyuk 
announced 
Spacebit's 
lunar 
intentions at a 
New Scientist 
Live event in 
October 2019 
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But as a conceptual form it’s a very interesting 
design because it can allow us to basically step over 
some obstacles. It can allow us to go in [lava tubes] 
at a certain angle. It can also allow us to maybe 
even jump on the Moon in certain conditions. It's 
basically like a spider. If you look at what nature 
has created, you don't really see anything built 
with wealth, and we are capable of going over hard 
terrain. It proves that sometimes you need legs 
to do certain specific tasks. If it’s military combat 
and you need something to carry along a soldier, 
you can't really do that with wheels because of the 
terrain. The same applies to the Moon. 

There are two things here to note. First of all, 
we're doing this because we really want to go into 
a lava tube, and we believe it’s one of the better 
designs to do so. Secondly, I decided to go for this 
challenge because it's a cool design and I believe it's 
something different. It would be very obvious to go 
with the wheels as it’s a much simpler way. 

Sometimes we do regret choosing the legs 
because it’s so much more challenging than two 
wheels. But it’s a very interesting technology, and | 
believe that in our future on the Moon, and other 
celestial bodies, you will have robots with wheels 
and you will have robots with legs. That's why we 
have to be pioneers. 





What scientific data can we expect on the return 
of the Asagumo rovers? 
There are some limitations in terms of the size, 
as you can imagine, so you can't really put all 
the technologies inside. The instruments that 
the Asagumo rover will be carrying will include 
temperature sensors, sensors that will measure 
radiation and other things. We also have a small 
tiny laser, which will be beaming light. 

The reason for this is because we want to see 
if there are any small particles near to the lunar 
surface that are charged with electricity. The only 
way to do it is to shoot the laser really close to the 
ground. That will be helpful to see if there is an 
atmosphere on the Moon that is really close to the 
surface, which scientists believe might exist. 


If the mission is successful, it will be massive 
in terms of Britain's contribution to space 
exploration and science. Do you think this 
mission will have a profound effect on the UK 
space industry? 

I really hope so. We're trying to create some buzz 
around it because we'd like to drive STEM projects 
and drive some larger scientific projects as well. 

I was born abroad, but I've been living in the UK 
since 2006. I came here as a student and | didn't 
























Left: The 
future could 
see a human 
settlement 

on the Moon 
known as 
‘Moon Village’ 


Below: 

The Apollo 
missions have 
shown how 
beneficial 

it is to have 
both human 
and robotic 
explorers 
on the lunar 
surface 


know that the UK doesn't have a single rover on 


the Moon - or anything on the Moon for that 

fact. When I learned that, it was a surprise. Why? 
Because it’s one of the greatest nations in the world 
and has never been able to do something like 

that, which is really a shame. That’s why I want to 
correct that. 

Everybody knows that the US is doing a lot at 
the moment, and the obvious route for everyone, 
including start-up companies, is to just move over 
to the US and take part in their missions because 
there is more money. But I believe that - especially 
with Brexit - we are in a good strategic position to 
progress with the future of space exploration. Lunar 
exploration comes first because it’s closer. 

In the past we used to send naval vessels around 
the world for trade and other purposes, and now 
we are more or less localised in terms of how we 
think. I believe that this mission could change the 
game, and we should be sending more spacecraft 
to different places on the Moon and other planets. 

I believe that the UK has the heritage and the spirit 
to do so. 


You have a second mission planned for 2023. Is 
there anything you're able to share? 
2023 is a larger mission. We will be sending a 


mothership, as we call it. It’s going to be a larger 
rover, and it will host four Asagumo payloads 
inside. That way, even if we land far away from the 
lava tube, we can use our mothership rover to get 
there fast, and then we can use our small Asagumo 
rovers to go and explore. Also, you can sacrifice 
one of them to go and explore one of the more 
dangerous environments. 


Lava tubes on the Moon are an unusual place 

to go and inspect. A lot of attention is currently 

focused on water ice at the lunar poles, which 

can be exploited as a resource. Why is exploring 

lava tubes so important? 

Water is very important because obviously it’s 

water. You can use it for technical aspects, such as 

fuel, as well as breathable oxygen. It's also easier 

to explain to the public. However, lava tubes are 
equally as important. 

My belief is that in the future you will 
have to live on the Moon. There will be 
some settlements on the Moon - or as we 

call it ‘Moon Village’ - maybe by 2035 or 
around that time frame, so you will have 
to build some structures for people to live 
in, and it will take a tremendous amount of 
energy and resources to build something 
like that. 
But if you have a lava tube, you already 
have an environment that is shielded from 
radiation and many other things. You are 
getting an environment where you can already 
Store stuff, and you can live and work there. 
That's why one of the aspects of this mission is 


© Astrobotic 


Right: In 

May 2019 
Astrobotic 
was tasked by 
NASA to take 
as many as 14 
payloads to 
Lacus Mortis 


Pavio Tanasyuk Se 


to help the future human exploration of the Moon. 
Robots and humans will be working alongside each 
other on the Moon, and I believe that exploring lava 
tubes is very important for future settlements. 

From a scientific perspective it’s a very 
interesting environment because this is an 
environment that has been left alone for billions 
of years. For billions of years there has been no 
sunlight, and for billions of years there has been no 
lunar dust. The lava tubes have been shielded from 
all those externalities, which is not the case here on 
Earth. This means it’s a very good potential site for 
science and to learn more about the universe. 

This mission will help with pre-human 
exploration preparation. But also it's interesting to 
see if any resources are there that we don't know 
about. But in terms of the science itself, it’s very 
valuable when trying to learn about how the Moon 
formed, for example. 


Is there likely to be a chance for the public, 
schools and universities to get involved with the 
mission? If so, how? 
We are planning on doing a lot of STEM activities 
and engaging with universities and schools in 
the UK. Our aim is to provide a certain level of 
granularity of data to the schools and universities 
for free. 

This could help students run some experiments 
and to learn more. Or maybe we will even allow 
a certain data stream live from the lunar surface 
so they can do some live experiments as well. We 
believe that this kind of STEM engagement with 
the new generation is what is needed. 
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hen you think about space, your mind 

is drawn to the very big - planets, 

stars and galaxies. But many of the 

universe's secrets are hidden away in 
the stuff you can barely see: cosmic dust. Take our 
own Solar System. The gaps between the planets 
are peppered with tiny dust grains less than a tenth 
of a millimetre across. There's enough of them that 
if you gathered up all the dust between the Sun and 
Jupiter you could fashion a sphere 25 kilometres 
(15.53 miles) across. On a clear night, far from city 
lights, you can even see sunlight reflecting off these 
particles in an effect called zodiacal light. 

According to a study by scientists including 
Queen guitarist Brian May - who completed his PhD 
on zodiacal dust in 2007 - 70 per cent of this dust 
was deposited by comets during their long jaunts 
past the planets. Roughly 22 per cent comes from 
colliding asteroids, with the rest thrown into the 
Solar System from interstellar space. Scientists have 
long been keen to get their hands on some of this 
pristine cosmic dust in order to study it up close. In 
1999 NASA launched the Stardust mission, and one 
of its aims was to return samples of cosmic dust to 
Earth. These returned home in 2006, and in 2014 
Scientists announced that they had found seven 
interplanetary dust particles among the haul. 

But you don't have to launch probes into space 
to get your hands on cosmic dust. As Earth orbits 
the Sun it regularly ploughs into streams of dust. 


These particles can strike Earth at speeds of 


almost 70 kilometres (43.5 miles) per second. 
Some of the larger grains are incinerated 
with such ferocity that we see them as 
meteors or shooting stars. Yet some of the 
dust survives the treacherous journey and 
reaches the ground. 


“THE GUSMIC DUST 
COMMUNITY HAS GUT VERY 
USED TO PEOPLE CLAIMING TO | 
~ HAVE FOUND GUSMIC DUST on | 
THE STREET” ware csv 
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Cosmic dust 


In the past researchers have 
turned to places such as the 
pristine frozen snow fields of 
Antarctica, where cosmic dust 
grains deposited over the last million 
years are preserved in the ice. However, 
Norwegian amateur scientist and award-winning 
jazz musician Jon Larsen believed that even that 
Was an extreme too far. As he read more about 
cosmic dust he became enchanted with the idea 
of finding it in the chaos of a city. He began to 
collect samples of sediment material from the 
gutters of buildings in Oslo in the hope of finding 
extraterrestrial interlopers hidden among it. As an 
amateur scientist, Larsen turned to Dr Matt Genge 


' Intergalactic dust 

Dying stars can blast dust out . 
of their host galaxies and into 4 
‘the void between. Mergers 
Byala eel Sce NO Mella 
galaxies can also create 
intergalactic dust. 


What it tells TE 


It is important to study 
intergalactic dust because it ~ 
can dim light arriving at Earth 
KUM A ASIC) nee ED oce 

. leading us to underestimate . 
their brightness. . 


Bie . 





- a planetary scientist at Imperial 
College London - for advice. 
“At first my advice was don't do 
it,” says Genge. “Because over the years 
the cosmic dust community has got very 
used to people claiming to have found cosmic 
dust on the street, and it has always turned out 
to be human-made." In the dirty, busy heart of a 
modern city, it is a Herculean task to tease out the 
cosmic from the industrial. According to Genge, an 
average of just six cosmic dust particles fall on each 
Square metre of Earth's surface each year. “They're 
on our streets, in our homes and on our clothes,” he 
says. But Genge and his fellow researchers always 
thought it would be too difficult to find these small 


DIFFERENT KINDS OF SPACE DUST 


Taeetace erate 


The dust between the 
Stars is largely thrown out 
by supernovae as massive 
stars explode at the end 

of their lives. It is from this 
that new stars are formed. * 


a 
Yo . SMe maa mele 
+” ae astronomers hope to learn 
hes how the more complex 
molecules required for life 


first formed in the universe. 


specks in urban areas. Only pristine vistas such as 


Antarctica or outer space would do. 

But Larsen is tenacious. He used magnets to 
isolate microscopic particles within the debris he'd 
collected from Oslo’s gutters and kept sending 
Genge images of his bounty. Eventually, after about 
five years of back-and-forth emailing, Larsen sent a 
photo that made Genge sit up and take notice. 

"It really did look like a cosmic dust particle,” says 
Genge. He invited Larsen to London to take a closer 
look together. In the 300 kilograms (661 pounds) 
of gutter material Larsen collected, he’d managed 
to isolate 500 microscopic cosmic dust particles. 
The dogged amateur scientist had shown the 
professionals that it was possible after all. It wasn't 








Us! SEEMS TO BE ARRIVING MURE 
SLOWLY NOW THAN IT HAS OVER THE 
LAST MILLION YEARS” warrcance 


Left: Debris 
from colliding 
asteroids 
creates some 
of the cosmic 
dust falling 

to Earth 


just Oslo either. Larsen collected samples whenever 
he performed in a new city, and has found space 
dust on the rooftops of Paris, Berlin and Houston. 
From a scientific perspective, Larsen's haul is a 
big deal. Some of the gutters he sifted through were 
from commercial buildings that have their gutters 
cleaned regularly - perhaps as often as once a year 
- so the dust grains he found must be very recent 
arrivals on Earth. Genge compared the amount of 
dust being deposited on Earth now to past levels 
found in places such as Antarctica. “There's been a 
subtle change,” he says. “Dust seems to be arriving 
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more slowly now than it has on average over the 
last million years.” Genge believes this is part of 
a larger cycle. Earth's orbit subtly changes shape 
as it is pulled on by the other planets in the Solar 
System. The orbits of the dust particles are also 
affected in this way, and so the amount of dust 
arriving on Earth is thought to regularly rise and 
fall in a repeating pattern. 

Understanding this trend more clearly will 
allow astronomers to spot any special events 
Superimposed on the natural dust cycle. Take an 
asteroid collision occurring a million years ago 
as an example. When the two space rocks 
smashed into each other they created a 
lot of new space dust, some of which 
later fell to Earth and became trapped 
inside rocks or encased in ice. But unless 


Circumplanetary dust 


In 2015 astronomers spotted 

a mysterious dust cloud 

Tel Une Mt atem dtm elem Ola sd 
the MAVEN spacecraft. It 

was 150 to 300 kilometres 

(93 to 186 miles) above the rt 
Martian surface. pe i | 


What ittellsus . 


This dust suggests that 
there's probably a process 
going on in Mars’ atmosphere 
that we're unaware of. 








Cosmic dust 


SOME OF THE DUSTIEST 
BESS Ns 


Lagoon Nebula (M8) 


Brand-new stars are slowly 
being formed as gravity pulls 
gas and dust together in this 
100-light-year-wide nebula in 
the constellation of Sagittarius. 


Eagle Nebula (M16) 


Oy -MO MUMS mrletCKet Ci AY 
places in the universe thanks to 
the Hubble Space Telescope, the 
‘Pillars of Creation’ form part of 
the Eagle Nebula. 


© NASA/ESA & Hubble 


Crab Nebula (M1) 


The remnant of a supernova 
explosion first seen in the 
year 1054, last year Swedish 
astronomers found 92 dusty 
globules in this famous cloud. 


© NASA/ESA 


The Milky Way 


Look up from a dark site and 
OU MN S=rom tem VIL OVA ACN 
arching overhead. You can 
clearly see there's lots of dust 
between the stars. 


The Pleiades (M45) 

This famous star grouping 

- nicknamed the Seven 

Sisters - contains lots of dust 

illuminated by the light from 
Waele ce 
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The dust*between the 
planets - including the 


zodiacal cloud - is mostly the 


result of colliding asteroids or 
deposited by comets as they 
patrol the Solar System. 
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By looking for spikes in the 
amount of interplanetary — ) 
dust arriving on Earth, ; -- 
astronomers can open a 
historical window and look at 
past impact events. 
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ce eaai cra : : Far right: planetary scientists know where Earth was in the 
. These ultra- natural up and down of the dust cycle, they can't 
high clouds | f h ae eee | 
are forming “now for sure how much of the spike is due only 
; . to the asteroid collision. R ing th t of 
BS de eae Pewee iaeonih docu onsiateaimea nals aa 
every atom in your body has stellar origins @  crains of : 


a lot about the history of Solar System impacts over 


cosmic dust i 
Fe the last hundred million years. 
OAL nL Below: A But what about the dust that doesn't make it 
ela oF ire a te ah abt) close-upview _to the ground? That's scientifically valuable too. 
via the process of respiration. 
i 2 ofa eae “There have been suggestions that cosmic dust in 
dust particle bes ; 
through a the atmosphere could affect Earth's climate,” says 
Carbon - 18.5% scanning Genge. For clouds to form there has to be some 
It is found in many important electron material for them to condense around. When it 
compounds in the human body. microscope 


comes to low-altitude clouds, these ‘seeds’ are dust 
particles lifted upwards from the surface of Earth. 
Nitrogen - 3.2% However, this terrestrial dust can only be lofted to 
A key ingredient in proteins and about 50 kilometres (31 miles). Any cloud forming 


the bases found in our DNA. higher than this must be condensing around 


3° 3. | extraterrestrial dust. These rare formations are 

Calcium - 1.5% called noctilucent clouds, and some researchers 

Keeps our teeth and. bones strong have linked them to climate change. Some 

and helps nerves function. researchers have even argued that cosmic dust 
' : played a role in the last Ice Age. 

Phosphorus - 1.1% Yet estimates have varied wildly as to how 

Crucial ingredient for energy much microscopic cosmic dust there is in the 

storage inside cells. upper atmosphere. A dust detector on a satellite 

| has previously suggested as much as 300 tonnes 

Potassium - 0.4% © is being added each day. Other measurements 

Without Preecoin yet eates from ground-based radar and aircraft and balloons 

would not be able to function. in the lower stratosphere suggest it could be as 

low as 3,000 kilograms (6,613 pounds). And the 

) Sulphur - 0.3% difference matters. If cosmic dust is abundant, 


Sareea Se ea pee eet metals produced by it could be affecting the 


~ what hair and nails are made of. chemistry of the ozone layer. Understanding how 


much cosmic dust there is in the atmosphere would 
also help us better understand its role in climate 


Chlorine - 0.2% 


Part of the gastric juices which 
help digest food in your stomach. 


change, and is vital in working out how best to 
tackle it. For example, one proposed antidote to 
global warming is geoengineering: adding gases 
| a os to the atmosphere to help cool the planet. 
Sodium - 0.2% Peer connie os 


». However, in order to do that effectively 


Bernie So Us Sie Mee B Cel dii(-eim = you need to know how much cosmic 
regulate your body's water levels. aay A t 


lodine - trace 


Produced in the thyroid gland to 
regulate your body's metabolism. 


Magnesium - trace 


This element plays an important - 
role in forming bone and muscle. 


Zinc - trace 


An important part of Aran 
that aid in food digestion. 


lron - trace 


Found in red blood cells, it helps 
carry oxygen around your body. 


Source: Wikipedia Commons © Amara 


dust there is up there and how it will interact with 
the gases you add. 

Between 2012 and 2017 an international team of 
Scientists spent five years investigating atmospheric 
cosmic dust as part of the Cosmic Dust in the 
Terrestrial Atmosphere (CODITA) project. As part 
of their research they developed a model of cosmic 
dust called the Meteoric Ablation Simulator (MASI). 
In their laboratories they flash-heated particles with 
a similar composition to cosmic dust to mock up 
their entry into the atmosphere. They then carefully 
tracked the metals produced. The simulation lasts 
just 12 seconds, but over that period the team took 
6,000 measurements. It was the first experiment 
of its kind. 

Believe it or not, our Solar System is not the only 
source of terrestrial cosmic dust. Nearby supernovae 
explosions - the violent deaths of massive stars - 
can launch dust across interstellar space, into the 
Solar System and down through our atmosphere. 


In 2016 a team of astronomers announced the 
discovery of iron-60 in seabed material. Iron-60 
is a particularly rare, radioactive form of iron a 
quadrillion times more scarce than ordinary iron. 
More importantly, supernovae are the only place 
we know of where it can form. Exploding stars 

are littering Earth's seabeds with cosmic dust. Just 
as ice cores preserve it on the surface, the seabed 
preserves dust from past supernovae events - an 
important time capsule for astronomers looking 

to study recent explosions. You really can find 
cosmic dust all over Earth. As Genge said, it is on 
our clothes and in our homes. Larsen proved it 

is even sitting in our gutters. You'll find it hidden 
away in ice cores in Antarctica, forming clouds 
more than 50 kilometres (31 miles) above our heads 
and settled at the bottom of the sea. But we've only 
scratched the surface. Cosmic dust will reveal 

more about our Solar System's history and Ma a 


even far into our planet's future. fn i. -Ye- 
ie ez 
i orc 
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BUSES SL 


Antarctica 


Cosmic dust landing in Antarctica 
becomes trapped in the ice and lies 
undisturbed for millions of years. This 
creates a historical record of past events. 


City rooftops 
Amateur 
Norwegian 
scientist Jon 
Larsen found 

- cosmic dust in 
300 kilograms of 
material rescued 
from rooftop 
gutters in multiple 

cities, including 
Paris and Oslo. 
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| Ocean floor 


| Supernovae explosions can rocket dust 
into the Solar System and through the 
atmosphere to land on the ocean floor, 
where scientists have collected it. 





Cosmic dust 7 


Source: Wikipedia Commons © Kevin Cho (Kee Pil Cho) 








ES TEl+-\- 
AL fh ) = ) 





pir | 
limate , 


-Zodiacal light 


While the dust 
itself is not on 
Earth, you can 

still see this 
interplanetary dust 
on a dark evening 
because it is 
scattering sunlight 
around the 

Solar System. 
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GALAXY’S BLACK HOLE? 


‘Blanets’ could form from the ice-covered dust 
particles that circle these cosmic colossi 


ee 


| upermassive black holes (SMBHs) 
are theorised to be present at 
the centres of galaxies across the 





| universe. They are Herculean 
celestial objects that consume gas and dust 
via an accretion disc and burp out jets of X-ray 
radiation from their core - jets so powerful they 
can be spotted from billions of light years away. 
This doesn't sound like a hospitable environment 
for planets, but recent research led by Dr Keiichi 
Wada, an astrophysicist at Kagoshima University 
in Japan, suggests it could be. 

Wada and his research team believe that 
there could be tens of thousands of these 
black hole planets, or ‘blanets’, at the heart of 
the Milky Way. The formation of a planet is a 
complicated transition from small clumps of 
debris to enormous orbs of rock, gas and liquid. 
It’s an even trickier process around a SMBH 
since not all of these circumnuclear discs can 
accommodate planet formation. These regions 
are far less dense than what is found around 
young stars, and the emissions near a black 


hole’s event horizon can prevent gas and ice ine 


_— | if . a 
a rc . = aa 
i >. oe aS 


accreting effectively. 

Ice is an essential part of this formation 
process; it allows for debris to coalesce before 
the mass latches onto the sticky frozen surface. 
SToyeneme Vise kmeyelaimar hom ecmeyan)lanetsadeCsioe mle 
certain distance from their centre, where it is 
cool enough, known as the ‘snow line’. Wada 
theorises that blanets can form beyond the 
snow line and form rocky planets - like Earth, 


except as much as ten-times larger - and gas 
giant planets similar to Neptune. These rocky 
blanets would take around 10 million years to 
come to fruition, and if conditions are right they i 
can accrete even more debris, enabling them to 
evolve into gas giants. 

The formation of blanets can only happen 
around a percentage of SMBHs, however. If a 
black hole is extremely powerful and active, it 
will have an increased radiation output that will 
melt ice and make it impossible for a significant 
amount of accretion. Think of it as throwing two 
pebbles together and trying to make them stick, 













as opposed to throwing two snowballs together. 
Sagittarius A* (Sgr A*), the black hole at the 
core of the Milky Way, is cool enough to allow for 
ice in its circumnuclear disc. According to Wada’'s 
calculations, thousands of blanets are likely to 
have been born around it - the problem, howevel 
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observe one, since they be hid: 


sight, buried in a thick s »of'matte 
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‘WADA THEORISES THAT BLANETS 
GTO TSOh RI RS\ OAT 
AND FORM ROCKY PLANETS’ 







Above: Could 
Sea g ee Ate 
black holes 
have planets 
in orbit around 
them like 

stars do? 
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They race in and out of our Solar Syste 
and according to evidence, they could 
have brought life with them > 


Reported by Colin Stuart 





am estore) (el pao planets, huge * 
snowballs ane across the Solar 
System. These comets - rey Ces 
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circled the Sun - have been patrolling our local 
neighbourhood for 4.6 billion years. Hidden away 
', in their icy layers are clues to what our Solar 
System was like all that time ago, along with 
teasers as to how our family of planets formed. 
But their real bounty could be knowledge of 
: noni ee RUE ARETE TIED Mot w cee t hss 
Perit: to pass: life. Could comets have played a | 
- role in delivering biology to Earth? ree ET 
starting tothinkso. | sd 
Perhaps the sirigle biggest factor in our 
planet's suitability for life is the presence of 
_ water. Thanks to our temperate position around 
SRM rican aS «ci largely in liquid form. 
Yet still fresh from the violent collisions that 
' gave birth to it, the early Earth would have 
bi aes : _been too hot for any water molecules to escape 
- a els JOC “The impact WEL formed the | 
oy : me tte os Polaco be Rye tvmeleset he 
Jom 0, rE) Kathrin dei) siete eatee 
‘Un Re oy 0) f Be net Switzerland. The fact ies 
ane pr Fy arog Ss today Stoic Waele Hey cs 
Borer TEN uk some time later. Given 
that Earth is erates ma developed ofelar a 
Sema vaiteitemeceL bret iCeye i recmecv ele i LC Caa seh it , 
to have popped up within 800 million Tete) ct 
must have come fairly quickly and in abundance. 
Naturally astronomers turned their attention 
to the objects in space known to have a high 
water content: comets. Often compared to ‘dirty 
snowballs’, these small objects were formed far 
from the Sun when eravity gathered up grains 
of dust and ice into objects several kilometres 
. across. Many of these comets crashed into the_ 
planets and their moons in the cs of 
Seam Tete vi 
By looking at the ones left over / Lf : 
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mame mos haar: 


7 e — 
i 4 Te) 
Fae. z 











_ that water pa TR auaastelemey elem der mel (eb ems 


telescopic analysis mae eta tn se 


of heavy water present than back nto re 


enough water,” explains Altwegg. And as far ietelle 


as 1986, this idea hit another snag. 
Water comes in two main varieties: the 


ordinary water that we are used to on Earth rye 
a rarer type called ‘heavy water’. The difference 

is that in heavy water the two hydrogen atoms - 

water's composition is H,O - each boast an extra 


particle called.a neutron. Scientists can easily 
measure the ratio of ordinary water to heavy 


water in Earth's oceans - there are 160 molecules 
‘of heavy water for every 1 million molecules 


of ordinary water. If comets did indeed bring 


loam recone! ena: or moon should also exhibit oe 


similar ratio today. 


- In 1986 the European Space ee oe 
sent the Giotto yee ats to sidle up to SEIS oF 


_Comet during its reveal through the inner Solar i P 


System. eet found that heavy CN is twice é 
PinirVeeT Meme sReeyn (ad as it is on ere |bum ke) 
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Comets 


Gerasimenko. On 12 November 2014, Philae made 
history by making humanity's first landing on a 
comet. Meanwhile, Rosetta studied the ancient ice 
pile from orbit. Data from Rosetta's ROSINA (Rosetta 
Orbiter Spectrometer for Ion and Neutral Analysis) 
instrument backed up the Halley and Hale-Bopp 
findings. “The proportion of heavy water on 67P is 
three-times higher than on Earth,” says Altwegg, 
lead scientist for the ROSINA instrument. 

So it seems unlikely that comets are solely 
responsible for delivering water to our planet. “The 
average abundance of heavy water on comets is 
certainly higher than it is on Earth,” comments 
Altwegg. That rules out comets as the dominant 





source of our water. However, there are two main 


“THE FAGT THAT We LIVE ON A WeT PLANET 
TODAY SUGGESTS THAT MORE WATER MUST HAVE 
ARRIVED SUME TIME LATER’ 


UE 


Comets played a part in making one world,a living-planet 


Giant molecular cloud 


An interstellar gas cloud 
collapses under its own gravity | 
to form a group of new stars, 
OMA @ AMM tase ela B 


! « 
Protoplanetary disc 
A dusty disc of material 
forms around the new star. 
Gravity slowly pulls this material 
together - a process that will 
SST Vom N81 
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Ultraviolet radiation | 


UV light from the young TMikectt ts 
have helped form ribose on some 
comets, although it has yet to be 
confirmed with a comet sample. 
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Far from the Sun, beyond 
a point known as the ‘ice 
line’, smaller, icy objects - 
comets - coalesce. 


alternative explanations. The first is that most of the 
water on Earth was brought here by asteroids. The 
second is that over time Earth itself replenished its 
surface water from deep inside the planet. “For me 
this makes a lot more sense than comet or asteroid 
impacts, because you would need a lot of them,” 
explains Altwegg. 

While comets might not have brought us the 
majority of our life-giving water, other results 
from Rosetta suggest these ice mountains might 
have played a different, yet still vital role. Altwegg 
and her team scrutinised the comet's coma - the 
dusty cloud of material that cocoons 67P as it is 
warmed by the Sun. Tucked away inside they 
found glycine, the simplest version of molecules 
called amino acids, which are often referred to as 
the building blocks of life because on Earth they 
link together to form proteins, the workhorses of 
our cells. Glycine had previously been found in dust 
returned to Earth from Comet Wild 2 by NASA's 
Stardust mission, but some researchers argued 

that the sample might have become 
contaminated during the analysis. 


==) = Comet impacts 
__ &J With much debris flying 
~ around the Solar System, the 


comets get hit hard. The force of 
the impact creates amino acids. 





Comets 


The Rosetta team also found other chemicals 

important for life on 67P, including phosphorus 

and formaldehyde - both play a key role in the 

formation of DNA. Other molecules known to be 

important in building amino acids had already been 

found on Halley’s Comet, Hartley 2 and Hale-Bopp, 

but Rosetta was a step up. “We more than doubled 

the number of molecule types found on comets 

from 28 to 60,” says Altwegg. But how did these 

molecules end up there? Left: The 
Zita Martins, an astrobiologist at Instituto Stardust 


Superior Técnico, Portugal, believes she might have capsule that 
crash-landed 
back on Earth 
with comet 
including Mark Burchell at the University of Kent, dust on board 


she created mixtures of ices similar to those found 


the answer: they were forged when comets were 
struck by other space debris. Along with colleagues 


Right: A false- 


fri . colour image 
projectiles at them at seven kilometres (4.3 miles) of the smooth 


on a comet and used a gas-powered gun to fire steel 


per second in order to simulate the comet being Hapi region of 


hit. “It took us three years to get the ice mixtures 67P. The blue 
may point to 
oe the presence 
contained amino acids like glycine.” They dubbed of frozen 


the effect ‘shock synthesis’. water ice 


right,” says Burchell. “But after the impact the ices 




















COMET CHEMICALS Ca 


In living things, proteins are 
Astronomers studying ‘space snowballs have LE RON mee rte 


found <hemi¢alscrucial for life on Earth Ce R CR Riu (cen 
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si ao Gi ce / Small amounts of this 
7m a | ae! ‘toxic’ material are key in 
ee — the formation of DNA. 
comets played * 
in Earth's . 
water supply. q 
se rl ai 
. Somewhere deep in the 
B Phosphorus a io feit = ocean, probably around volcanic 
This element is crucial for Experiments on artificial vents in the ocean floor, some 
forming DNA, as well as comets have suggested that unknown process turns these 
cell membranes. ribose could form on a comet. molecules into life. 
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UU BRU . 
MISSIONS TO A COMET 


By getting up close and personal with these cirty | = A 
snowballs, we've learned more about their role 





A successfully landed t 
achine-sized Philae lander on Comet 67P.The 
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ce 
Heavy 
steers 


Evidence from craters on 
the Moon and other celestial 
bodies indicates that Earth 
was hit by a lot of impacts 
around 4 billion 
years ago. 













Selcety 


This audacious NASA mission was sent to return 
a sample of Comet Wild 2 to Earth. Launched in 
February 1999 and rendezvousing with its quarry in 
2004, it successfully returned the sample home in 
2006. Initial analysis found it contained the amino acid 
glycine, although some researchers had suggested the 
analysis might have contaminated the sample, even 
though the clean room used for the experiment was 
100-times cleaner than a hospital operating room. 















Giotto 


This ESA mission was sent to study the famous 
Halley's Comet up close in 1986. The comet orbits 
the Sun roughly once every 76 years, and so it was 
a once-in-a-lifetime opportunity. One of the key 
findings was a higher proportion of so-called heavy 
water on Halley than is found in Earth's oceans. This 
made the case that comets like Halley were not the 
primary source of Earth's water as some astronomers 
had suggested. 
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Right: The 
Herschel 
cryostat 
vacuum vessel 
being built at 
an ESTEC Test 
Centre in the 
Netherlands 


Below: An 
image of 
Comet Hale- 
Bopp with two 
distinct tails - 
the products of 
solar wind and 
flung grit 
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A telescope that saw in 
infrared, Herschel was 
used to peer more closely 
at Comet Hartley 2. It 
found that there was a 
good match between the 
proportion of heavy water 
present on the comet and 
in Earth's oceans. The 
comet is thought to have 
formed much further out 
in the Solar System than 
some of the other comets 
Sy d0fe [are Mere] ate maar), 
indicate that very long- 
period comets were the 
source of our water. 


In a separate study, a team at the Institut de 
Chimie de Nice in France also mocked up artificial 
comets using different mixtures of ices. They cooled 
water, methanol and ammonia ices to -200 degrees 
Celsius (-328 degrees Fahrenheit) and then shone 
UV light onto the blend to simulate the glow of 
newborn stars. They then brought it up to room 
temperature to mock up the comet getting close to 
the Sun later in its life. They found several complex 
molecules had formed during the process - the 
most exciting of which was ribose, which helps 
form RNA. It must be stressed, however, that ribose 
is yet to be found on a real comet. 

If amino acids and sugars are really created in 
this way in space, and many comets once rained 
down on our planet, comets could have delivered 
them to Earth. The exciting thing about that idea is 
that our planet wasn't the only place to get battered 
by comets in its infancy. The other planets, along 
with their bevy of moons, were also bombarded. 
Anywhere those molecules might have mixed with 
liquid water is an enthralling place to explore. That's 
particularly true for icy moons with liquid oceans. 

“These moons have a big problem in that they 
orbit giant planets that might sweep up most of 
the impacts,” says Duncan Forgan, an astrobiologist 
from the University of St Andrews, Scotland. “But all 
it takes is enough hits, and enough might not need 
to be big numbers.” That puts Jupiter's moon Europa 
and Enceladus around Saturn top of the destination 
wish list for future robotic exploration. 

But not all agree that comets are a big deal when 
it comes to kick-starting life. Lewis Dartnell from 
the University of Westminster believes amino acids 
were probably here on Earth all along, even before 
the comets hit. “If that chemistry is going on in 
Space then it was almost certainly already going 


Comets 





on in the primordial seas of planets like Earth and 


Mars,” he says. Glycine, for example, could have 
been present in the cloud of gas and dust that 
collapsed to form the Sun and the planets. That 
way glycine would have become incorporated into 
Earth whether comets bombarded us or not. Radio 
astronomers have attempted to detect glycine in 
similar gas clouds elsewhere in our galaxy with 
mixed results. Some have claimed a discovery, but 
others have questioned their findings. 

The picture is still blurry. It just goes to show that 
the origin of life on Earth is a complex story with 
many twists and turns. Slowly but surely, however, 
we are Starting to piece together the tale of how 
our planet came to host living things. In doing so 
we might also get a better idea of the chances of 
finding other life forms out there among the stars. 
Because if comets did indeed make a significant 
contribution to Earth's complex chemistry, there 
could be new planets out there being showered 
with comets right now, setting the wheels in motion 
for a brand-new form of alien life to take hold. 
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pieces wee a new cosmological puzzle 


Reported by Lee enon ndish 
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Universe's missing link 


bservation and theory make up the 
two pillars of scientific research. 
Without observations, there is 





just a theory with no substance, 

and without theory there is just a series of 
measurements with nothing to extrapolate from 
them. But what happens when one does not satisfy 
the other? Recent research about the expansion of 
the universe and the model that astronomers use 
to predict its history has caused tension between 
these two pillars. It appears as though recent 
measurements of galactic distances over a hundred 
million light years away and their respective 
recession speeds have contributed to a persistent 
discrepancy that keeps cropping up. 

Measuring the distance to galaxies has been 
a relentless objective of astronomers since the 
beginning of the 20th century. Although many 
names can be attached to discovering the 
expansion of the universe - such as Vesto Slipher, 
Carl Wirtz, Knut Lundmark and Georges Lemaitre 
- it was the work of an American astronomer called 
Edwin Hubble, the eponym of a law, a constant 
and a space telescope, who had the most profound 
effect on this area of research. 

In the 1920s Hubble used a telescope at the 
Mount Wilson Observatory, California, to study the 
cosmos in unrivalled precision. By doing this he 
discovered that what astronomers thought were 
nebulae - clouds of gas and dust 
illuminated by internal stars 
- were actually other galaxies 
outside the Milky Way. He then 
went on to measure the distances to 


Right: 
Standard 
candles 

are shining 
examples of 
astrophysical 
objects used 
to calculate 
cosmic 
distances 


Below: The 
Hubble Space 
Telescope has 
been just as 
influential to 
astronomy and 
cosmology as 
its namesake 
































these galaxies by studying their internal Cepheid 
variable stars and inferring the distances using a 
luminosity-distance relationship. 

Cepheids were first cited as distance markers in 
1912 by another American astronomer, Henrietta 
Swan Leavitt, who noted that the regular 
luminosity fluctuation of variable stars can be 
mathematically manipulated to derive the distance 
between Earth and that star. This is one class of 
astrophysical object used to measure distances, 

commonly referred to as ‘standard candles’. By 
studying Cepheids in distant galaxies and 
using measurements gathered by other 
astronomers, Hubble was able to obtain 





distance measurements for 46 galaxies and uncover 
something truly groundbreaking. 

In 1929 Hubble announced that there is a 
proportional relationship between a galaxy’s 
distance from Earth and its recession velocity. In 
other words, the greater the distance between Earth 
and the galaxy, the greater the speed at which 
the two are moving apart. This is now known as 
‘Hubble's law’, and the accompanying constant of 
proportionality - known as the Hubble constant (H,) 
- was predicted to be 500 kilometres (310 miles) 
per second (the speed) per megaparsec (distance 
in units favoured by astronomers). However, this 
was not correct at all, and actually implied that 
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method for measuring the ) rao, ee ne etic 
distance to relatively nearby . Set a a 
stars up to approximately 65 Nig 5 be Losers ea ale) es 
light years away using Earth- ~ oY a eo glelellemo tell okay 
based measurements = or 326 at star. From Earth this pulsation 


appears as a timely dimming 
and brightening. Astronomy 
changed when Henrietta 
Swan Leavitt discovered 
Se ; _the periodic pulsating could . 
mathematically infer the star's 
_ distance up to 20 million 
ages MO amare aS 
now known as the ‘period-’ 
luminosity relationship’. 
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ESA's Hipparcos mission. This 
method uses trigonometry to * 
measure the displacement of 
a star's background, having 
observed it from the opposite 
side of the Sun. This method 
is commonly used as the first 
step on the ‘cosmic distance 
eYafe:) ma al (olaWe-\Jdge)ale)anl=1a 
use to calibrate other results. 
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Redshift 


This is the ultimate ruler 
when it comes to working out 
cosmic distances. In the past 
galactic redshifting revealed 
the distance to the farthest 

* »« . known galaxy from Earth, 
GN-z11, which is 13.4 billion 
light years away. This method 

requires spectroscopic data 
_of a galaxy, then astronomers 
earl eal = : 
emission or absorption lines 
for elements have shifted 
to the red end of the 
electromagnetic spectrum. 


Type la supernovae 


Another standard candle 
that helped provide a more 
recent Hubble constant figure 
are Type la supernovae. These 
PY Mae) Mc] ece eae (=i Title 
but are instead the explosive 
events that mark the.end of a 

_ white dwarf star. Specifically 
one more than 1.44 times 
the mass of our Sun. The 
peak luminosity when they 
explode is consistent across ~ : 
the universe, and therefore 
astronomers can take the 
observed magnitude and use 
" a similar distance-luminosity 
as relationship equation to 
- determine the distance to 
a. galaxies tens of millions of 
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light years away. 2 
re : 
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ackgroun geometry 


The CMB is leftover heat 
radiation from the Big 
-Bang that can only be 
seen when observing the 
| universe through microwave 
wavelengths. This provides 
visible and accessible 
information about what the 
‘universe was like over 13 
By LYA (elite Lael ae (=) a 
to paint the best picture, 
astronomers have produced 
cosmological models that 
fit the CMB data. It just so 
happens that these models 
predict a different figure for 
H,, than what is calculated 
using standard candles and 
Mats s2¢-]bNTe Yelm x 10) SLA 


-Masers are radio analogues ~ 
for visible-light lasers, and 
can therefore be easily 
picked up by Earth-based 
observatories. By measuring 
a maser's centripetal 
acceleration.and radial . 
velocity, the Megamaser 
Cosmology Project then 
applies geometry to calculate 

_ the.distance between 
Earth and the host galaxy.* 

_., This ts unique because it is 
independent of standard ae 
candles and the CMB, and 
therefore the results carry 
more weight and provide 
a new outlook on the 
discrepancy. 
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Source: Wikipedia Com 


National Science 
Foundation’s Very Long 
Baseline Array (VLBA) 


the universe was only 2 billion years old. At the with Earth being no geocentric exception to the 
Same time geological records showed Earth was at rule. The universe is homogeneous and the Milky 
least 3 billion years old, which certainly had people Way is travelling through the cosmos just like 
scratching their heads. everything else. 

Over the years techniques have been refined, The Hubble constant also means that there is a 
and other standard candles have been added to timeline to the universe. The cosmos must have 
the astrophysical roster in order to come to a more originated from a single point of initial expansion, 
believable figure. In 2019 Dr Adam Riess of the evolved over the last 13.8 billion years and will 
Space Telescope Science Institute (STScI), Johns perhaps come to a crunching, freezing or ripping 


Hopkins University in Baltimore and Nobel laureate Site | 
of 2011 arrived at a figure of 74.03 kilometres (46 Telescope 
miles) per second per megaparsec using Cepheid 

stars, type Ia supernovae and the Hubble Space 


quoted when efering tothe uboleconsan DARK ENERGY PERMEATES ALL OF SPACE AND CREATES A 
within astopiyses and cose tes based on TENSION IN THE UNIVERSE THAT CAUSES THE EXPANSION OF 
moandingatan increasing ate ati asances, THE UNIVERSE TO ACCELERATE? smenasr 


Source: Wikipedia Commons®© Dr. Schorsch 
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end at some point. The 
discovery of Hubble's law 
and its constant had major 
implications for the Big 
Bang theory, dark energy 
and the current standard 
model of cosmology: 
Lambda Cold Dark Matter 
(LCDM) theory. 

“[This theory] describes 
a universe that is governed 
by Einstein's theory of gravity and 
general relativity. The model says that the universe 
is made mostly of ‘dark energy’ and ‘dark matter’ 
neither of which we understand very well,” explains 
Dr Jim Braatz, an astronomer at the US' National 
Radio Astronomy Observatory (NRAO) and lead of 
the Megamaser Cosmology Project, to All About 
Space. “Dark energy permeates all of space and 
creates a tension in the universe that causes the 
expansion of the universe to accelerate as it ages. 
Dark matter is a component of the universe that 
exerts gravity but does not shine in any sort of 
light. This type of matter - called baryonic - which 
makes up all the stars, gas, dust, planets and people, 
is a very small part of the universe according to this 
model, and most competing models too." 

It has been no easy ride confining the number 
for H,, and the figure has changed continuously 
over the years as astronomers attempt to 
measure cosmic distances and recession speeds 





using different methods. The 
scientific community needs 
to unanimously agree upon 

a figure, and that can only 

be done by arriving at the 

Same figure - or having 

overlapping uncertainty 

percentages - using unrelated 
and unique techniques. This 
makes it hard to argue against the 
undeniable evidence, and is essentially 
the scientific process for anything. In this 

particular case the Hubble constant has also been 
inferred using data collected from relic radiation left 
over from the birth of the universe, which is known 
as the cosmic microwave background (CMB). 

Scientists have developed models of the universe 
to fit the observations and measurements taken 
from the CMB by the European Space Agency's 
(ESA) Planck satellite. The figure they arrived at 
was 674 kilometres (41.9 miles) per second per 
megaparsec, with an uncertainty of less than a per 
cent. That the uncertainty bar doesn't overlap with 
the uncertainty bars derived from astrophysical 
techniques has since created a discrepancy. 

The Megamaser Cosmology Project is an 
international effort to measure the Hubble constant 
using precise geometric distances. This outstanding 
team effort has derived a figure for the Hubble 
constant without using any standard candles or the 
CMB, but instead using radio telescopes in the US 


Universe's missing link 


Above: 
Theoretically 

a dark matter 
web permeates 
throughout the 
entire universe 


Below: A 
single galaxy 
can potentially 
contain 
millions of 
supemovae, 
Cepheids, 
megamasers 
and other 
cosmic 
lighthouse 
signals used 
to calculate 
distances 
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EXPLANATIONS? 


Dark energy's 
Mele 


Dark energy, which makes 
up about 70 per cent of 

our universe, could have 
provided an unexpected 
input of energy after the 

Big Bang which caused the 
universe to expand faster 
than predicted. This is called 
the ‘early dark energy’. 








Pe 
subatomic particle 


This could provide a new 
objective for the next 
generation of particle 
accelerators. The discrepancy 
could be explained by the 
existence of a subatomic 
particle that moves close 

to the speed of light, which 
when influencing the 
universe collectively is also 
referred to as ‘dark radiation’. 


Stronger dark 
matter interaction 


Dark matter, which makes up 
approximately 25 per cent of 
our universe, could interact 
with ordinary matter, which 
makes up just five per cent, 
Vda an lee-M lal eacyia marie 
originally thought. The issue 
is that dark matter cannot be 
observed directly. It emits no 
light and only interacts with 
ordinary matter through the 
medium of gravity. 


Waiting fora 
new theory 


This is a complete mystery, 
and while astronomers 

stay determined to provide 
a figure for the Hubble 
constant with as little 
uncertainty as possible - the 
aim being less than one per 
cent - the same people could 
be coming up with new and 
groundbreaking theories 
that could bind the two 
observations. 


55 


—___ Universe's missing link 


and Germany to identify 
water-bearing molecules in 
galactic centres. 

“The centres of most 
galaxies have supermassive 
black holes. If there is 
sufficient dust and gas near 
these black holes, the material 
can form an accretion disc that 
feeds material to the black hole, 
and it can radiate profusely. Water 
Vapour is a trace constituent of the accretion disc, 
and fortunately it can emit maser light at radio 
wavelengths. Maser, like ‘laser’, is an acronym. It 
stands for microwave amplification by stimulated 
emission of radiation,” explains Dr Mark Reid, 

a senior radio astronomer at the Smithsonian 
Astrophysical Observatory, Massachusetts, to All 
About Space. “We see bright clumps of maser 
emissions from the water vapour and can measure 
Doppler shifts, positions and angular motions. 
Simplifying things a lot, if you measure a galaxy’s 
speed and angular speed, you can get a distance. 

“The technique used to measure the extremely 
small angular motions of the masers is called very- 
long-baseline interferometry (VLBI). This technique 
requires making measurements on a large number 
of baselines in order to reconstruct an image of 
What the radio sky would look like were we to have 
a telescope the size of Earth and could see radio 
waves,” Reid continues. 

In total the distances for six galaxies - UGC 3789, 
NGC 6264, NGC 6323, NGC 5765b, CGCG 074-064 
and NGC 4258 - were measured, ranging between 
168 million and 431 million light years from Earth. 
This research gave a figure of 73.9 kilometres (45.9 
miles) per second per megaparsec as the Hubble 
constant, with an uncertainty of plus/minus three 
kilometres (1.86 miles) per second per megaparsec. 
This figure is therefore more consistent with the 
standard candle method. 

“It is really essential that we get small 
uncertainties and unbiased measurements. 
Geometric methods can be particularly valuable 
because those methods and their uncertainties 
are entirely unrelated to those associated with 
standard candles,” says Braatz. “Moreover, a distance 
measurement at large distances beyond about 150 
million light years provides a direct measurement 
of H, in one step, rather than using the traditionally 
staged calibrations known as the ‘distance ladder’. 

“Our measurement of the Hubble constant is 
very close to other recent measurements, and is 
Statistically very different from the predictions 
based on the CMB and the standard cosmological 
model. All indications are that the standard model 
needs revision.” 

So what does this mean for the standard model? 
“There is something in fundamental physics that 
is missing from the model, and we don't know 
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_ what it is,” says Braatz. “It 
may be related to our 
understanding of particle 
physics. For example, if 
some new type of particle 
played an important role 
in the growth history of the 
universe, it could show up as 
the type of discrepancy we are 
seeing. It may be an unknown 
and mysterious manner of interaction 
between different types of matter. It may be 
an exotic new form of energy.’ 

“If real - and not just some subtle measurement 
issue - the H, discrepancy looks to be a 
fundamental clue to new physics,” Reid explains. 

“It could be that the very early universe does not 
follow the favoured model, the LCDM theory, or that 
there is an extra type of neutrino or some other 
very basic lack of knowledge.” 

There are a number of possible reasons as to 
why this discrepancy is evident, and it is possible 
that there is a mysterious force at play that 
physicists are completely blind to. This would 
mean changing the standard model - which in the 
past a large number of astronomers believed was 
the solution to cosmology’s greatest mysteries - to 


suit the observations. At the same time teams 
of astronomers are still improving their analysis 
techniques in order to improve their uncertainty. 

But as the technological and engineering 
age advances, this means new telescopes and 
technologies are being taken advantage of for 
scientific benefit. For example, when Riess won 
his Nobel Prize in physics in 2011 along with Saul 
Perlmutter and Brian Schmidt, they had the help of 
recently introduced CCD imaging sensors. For the 
megamaser geometric method, Braatz believes that 
the Next Generation Very Large Array (ngVLA), a 
radio telescope array that could be up and running 
as early as 2028, could provide the improved 
sensitivity required to reduce the uncertainty when 
measuring the Hubble constant. 

Whatever the eventual outcome, it is clear that 
there is a call for attention towards what can only 
be referred to as a cosmic conundrum. There 
needs to be more observations, less uncertainty 
and a theory that can account for this discrepancy 
in figures between astrophysical and CMB 
measurements. Could this mean trying to find a 
new particle? Could this mean re-evaluating our 
understanding of dark matter and dark energy? Or 
was there an unaccounted event in the universe's 
early evolution that could explain this? 


TT TS REALLY ESoENTIAL THAT WE GET SMALL UNCERTAINTIES 
ANU UNBIASED MEASUREMENTS. GEOMETRIC METHODS CAN 
BE PARTICULARLY VALUABLE” int eaaarz 


Above: A new 
particle may 
need to come 
to light in order 
to explain this 
discrepancy 


Right: VLBI 
utilises 
worldwide 
radio antennae 
which 
collaborate 
and form an 
Earth-sized 
radio telescope 
- albeit a very 
patchy one 
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TEACH YOURSELF 
ASTROPHOTOGRAPHY 


Astrophotography can seem very daunting at 
first, but it’s one of the most rewarding hobbies 
once you learn the basics. The photographic 

possibilities that the night sky offers are 


MENSA HIGH IQ TEST 


Welcome to the ultimate test of logic! Inside 
this book you will find 180 stimulating and 
_.._llenging logic puzzles - from mathematical 
equations to riddles and number patterns - 
separated into nine tests. Each of these thought 
provoking puzzles has been created by a team of 
leading puzzle-setters to help boost brain activity 
and improve concentration and memory while 
also providing hours of puzzling, brain-bending 
entertainment! If you are looking for an activity 
that can help you improve your cognitive powers 
while simultaneously keeping you entertained for 
hours at a time, then look no further. Get ready to 
put your mind to the test. 


Milky Way behind them to photographing far 


Inside we've included jam-packed features, 





incredibly vast, from landscape shots with the 


away planets and galaxies. Explore the differences 
between galaxies and nebulae, find out when to 
shoot the Moon and learn how to capture aurorae. 


in-depth tutorials, interviews with professionals 

and creative projects. Whether you're a novice 
or seasoned space expert, Teach Yourself 
Astrophotography has something for you 


WORLD OF TOMORROW 


Do you ever wish you had a crystal ball so you 
could take a peek at the distant future? Now you 
can with this new edition of How It Works World 
of Tomorrow. While it’s no magical artefact, it 
does offer a glimpse of future developments in 
transport, medicine, entertainment and space 
travel based on the innovations taking place in 
the present day. Learn more about how humans 
will live, interact and better the planet we live on 
- as well as other planets - in the future. Whether 
you want to know if we'll leave our roads and 
pavements behind or whether we'll ever be able 
to take holidays to other planets, you will find the 
answers in this book - no crystal ball required. 


DOWNLOAD YOURS NOW AT: SURVEYMONKEY.CO.UK/R/O9AAS 
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What happens to gas as it 
falls into a black hole? 





One of the biggest misconceptions about 

black holes is that they indiscriminately. suck 

up everything around them. A black hole is 
incredibly small, and so gas on a collision course 


with a black hole would need to have incredibly | 


precise aim in order:to directly hit the black hole. 
Instead gas starts orbiting around the black hole, 
eventually creating what we call an ‘accretion 
disc’. As gas funnels closer and: closer to the 
black hole, the gravitational potential energy that 
the gas had is released. This then dissipates in 
the form of heat, radiation, massive outflows and 
sometimes jets of particles moving at close to the 
speed of light. One question we want to answer 
is: where does all of the X-ray emission come 
from around a black hole? 

High-energy X-rays are ubiquitous in accreting 
black holes, and yet we don't understand the 


wuestions 





mechanism that produces them. The eB CRaET 


some extremely hot region surrounds'the black _ . 


hole, referred to as the ‘corona’, causing some 


‘ photons to get boosted to X-ray energies. How 
the corona is formed, and how it remains hot for — 


so long, is still a mystery - although we recently 
witnessed, in real time, the destruction and 
reformation of a black hole corona. 

Astronomers also have evidence to believe the 
power output from supermassive black holes can 
affect how their host galaxy evolves. Not only 
are black holes these exotic, mysterious objects 


SUCRE MEV CReyi physics break down, they are 


also incredibly important for understanding why 
our universe looks the way it does. 

| Dr Erin Kara is an assistant 
professor at the Massachusetts — 
Institute’ of Technology 





















Although 
astronomers 
can't directly 
observe black - 
holes, they can 
ee ateneale 
accretion discs 


around them 
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MESSENGER discovered water ice 
in the craters around Mercury's 





north pole. These regions are 
Shaded from the heat of 
the Sun. 


What were the best results obtained from the 
MESSENGER spacecraft’s trip to Mercury? 
RS 






The big surprise was that Mercury’s iron, but is otherwise produced by the high in sulphur. It has ten times the 
powder-rocky material, the part we can _‘ same properties that produced Earth, abundance of sulphur of the surface of 
see on the surface, had been predicted Mars and Venus? The prediction was Earth. Mercury has high abundances 
for many decades to be deficient in that Mercury would be very deficient of sodium, potassium, alkaline metals 
snake GER's elements and compounds that are in elements that are easily removed that are easily removed at high 
missionended  ©2Sily removed at high temperatures. at high temperatures, just like Earth's temperatures and chlorine. Mercury 
on 30 April The one thing we knew before any Moon. These are what the chemists has a higher chlorine abundance 
2015 when Spacecraft ever went to Mercury is like to call ‘volatile elements’. relative to several elements on Earth. 
oe that it has got a very high fraction of Once we started measuring what's a ' Sean Solomon was 
the planet's metallic iron. The question is, how at Mercury’s surface, we realised 4|) =" principal investigator of 
surface do you make a planet that is mostly that wasn't the case. Mercury is 6 ks oS NASA's MESSENGER 


Why is Antarctica popular 
for finding meteorites? 


wa .  . -. — —. 


Meteorites are scientifically valuable because they represent samples 
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of a variety of asteroids and planets, like the Moon and Mars. 
Studying them in our laboratories has led to important insights into 
the origin and evolution of our Solar System and planets. At present, 
Antarctic meteorites dominate the inventory of the world’s known 
meteorites, and these samples have provided us with access to 

new types of planetary and asteroidal materials. Both hot and cold 
desert regions of the world are some of the best hunting grounds for 
meteorites. This is not because there are any more meteorites that 
fall there than any other place on Earth, but because the conditions 


ive in these places are such that meteorites are easier to find. Antarctica 
i in particular has proven to be one of the best places in the world for 
Right: oe 7 a 7 | 
Frequent finding meteorites. This is because the geological and environmental 
voyages are conditions on some ice sheets in Antarctica serve to concentrate and 
made to the => preserve the meteorites that have fallen there. 
< : ; : 
Seas = 2 Meenakshi Wadhwa is a director and professor at 
order to build 2 ; : 
an inventory of ie the School of Earth and Space Exploration at Arizona 
a 
meteorites S State University 
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Eos 
How do we 
alaicagantiecsmaars 
distance to 

an object? 


For nearby objects, astronomers 






use parallax, a visual effect 
produced by a shift in the 
relative position of the observer 
with respect to the object. 

For objects further away, 
astronomers make use of 
‘standard candles’. These are 
objects with known brightness, 
such as Type Ia supernovae, 
which have normalisable peak 
brightnesses. Astronomers also 
RIALS le) cee lem etre EIR rIKe 
with a period that is directly 
Cael cole M Com Metab mo) ered lan acim oh, 
measuring how bright these 
objects appear to be, you can 
work out how far away they are. 


For objects outside our 

Left: 
Spectroscopy 
can reveala 
lot about the 
history of 

an asteroid 

or comet 


galaxy to the most distant 
objects in the universe, 
astronomers use spectroscopy, 
which splits the light from 
an object into its various 
wavelengths to identify features 
such as emission or absorption 
lines. Due to the expansion of 
the universe, objects appear 
to be moving away from us 
at velocities proportional to 
their distance. The further 
away an object is from us, the 
faster it appears to be moving. 
Shimon tee letemanComeccell at namme) 
a spectral line, astronomers 
can accurately determine the 
distance of the object. 
Dr Kerry Paterson is a 
postdoctoral associate at 
f Northwestern 
Oia te 
ae Winey Cy 


Left: 
Astronomers 
use standard 
candles as 

a way to 
determine the 
distance to an 
object from 
its apparent 
magnitude 





Right: The 
MAGIC 
telescopes are 
based at the 
Roque de los 
Muchachos 
Observatory 
in La Palma, 
Canary 
Islands, Spain 
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How can spectroscopy reveal so much 
about asteroids and comets? 


© Tobias Roetsch 
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Spectroscopy is the process where we point a telescope at an object in space and pass the light from that 


object through an instrument, which in turn, spreads the light out. Light is arranged by wavelength into a 


pattern called a spectrum. We collect spectra with detectors that translate this into data that we can then 


go on to analyse. 


It is known that asteroids are made primarily of rock, while comets are a mix of ices and rock. This is 


why comets are commonly referred to as ‘dirty snowballs’. Those rocks and ices absorb and emit light at 


specific wavelengths, making a spectral fingerprint. By studying the spectrum of an asteroid or comet, 


we can identify the fingerprints associated with different types of rock and ices. We then know what 


the asteroid or comet is made out of without having to collect a sample. The composition of asteroids 


and comets can tell us about how and where they formed, and how they've changed over the age of the 








ASTRONOMY 


What is unique about the 


MAGIC telescopes? 


L 


The two Major Atmospheric Gamma Imaging 
Cherenkov Telescopes, or MAGIC, look at the most 
energetic photons reaching Earth. This corresponds 
to very high-energy gamma rays. The MAGIC 
collaboration was formally formed in 1998, and 
scientific observations started in 2004. 

Even before that MAGIC was already investing in 
front-edge technologies to reach its goals, which is 
being sensitive to the lowest possible energies and 
moving the telescopes as fast as possible to catch 
transient events. What is unique about the MAGIC 
telescopes is that there is a continuous effort to 
make them fast and sensitive. 

Lowering the accessible energy actually allows 
us to close the gap with spaceborne instruments 
searching for gamma rays. Similarly, the speed 
at which the telescopes need to move is defined 


Solar System. We can use that information to study one particular small body in detail or how 
populations of small bodies are distributed throughout the Solar System. 
Dr Zoe Landsman is chief scientist at the Center for Lunar and Asteroid Surface Science 








by the 
duration of ‘% 
the transient 
phenomena 
to follow. 
The telescopes are able to point anywhere in the 
visible sky within a few tens of seconds in order to 
catch very high-energy emissions from gamma-ray 
bursts (GRB) - extremely quick, energetic events. 
These unique characteristics led to the detection 
of GRB 190114C in January 2019, revealing for 
the first time an emission of photons reaching 
teraelectronvolt (TeV) energies from a GRB. 
Dr Oscar Blanch-Bigas is an astrophysicist at 
the Institute for High Energy Physics 
(IFAE) at the Universitat Autonoma 
de Barcelona, Spain 










How does quan 


science affect gravity? 


a ) 


Astronomy is concerned with observing the 
heavens with increasing accuracy and then 
attempting to explain those observations. 
Quantum information science is currently 
focused on increased computation power, 
improved sensing and expanding our 
understanding of communication. All three of 
these areas intersect with astronomy broadly 
and gravitation specifically. 

Quantum computing cannot yet directly 
provide numerical insights due to engineering 
challenges imposed by quantum noise. The 
hurdles that quantum noise presents highlight 
the sensitivity of quantum systems. This 
sensitivity can be exploited to make improved 


OE measurements in what's becoming known as 
Quantum ; ol 7 , 
‘dformaGan quantum sensing’. High-precision astronomical 
science could measurements were on display in 2016 when 
hold the the Lasér Interferometer Gravitational-Wave 
at Observatory (LIGO) announced the first detection 
understanding a 
Ate tie of gravitational waves. The precise spectroscopy 
of black holes © .of LIGO is aided by nearly every advance in 
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metrology, including quantum sensing 
and related techniques. 


Did 
you know? 


Se a aR SR RS a = 


Finally, nowhere is gravity more 
front and centre in astronomy than 


in the discussion of black holes. 
LIGO's arms are long enough - four 
Here, deep connections between . ; 
j kilometres (2.5 miles) - that the 
black hole physics and quantum 
J j curvature of Earth was a factor 
information theory are exposed when ; 
ft in their construction. 
considering quantum phenomena 
across the event horizon. The event 
horizon is the boundary past which 
nothing, even light, can escape the pull of the 
black hole. Information scrambling within black 
holes is studied using tools and techniques from 
quantum information science. 
In summary, quantum information science 
has a beautiful overlap, both technologically 
and intellectually, with gravity that is poised to 
expand going forward on multiple fronts. : 
ere CBC Co Cell 
. professor of mye tees at Dartmouth . 
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J common astronomy myth is that you dusty path of the Milky Way is easily seen from a 
need a telescope to be an astronomer. _— dark location. A cheap star guide or planisphere will 


This is something that beginners to help you to find these targets, but given that they 





# astronomy often hear when they're are so readily visible, you're likely to find that you'll 


sens for Fain on breaking into the hobby. It's see them straight away. Astronomy really doesn't 
true that a telescope can show you much more than come ata cost at this stage. 

the naked eye, or even a pair of binoculars, but the It’s not until you decide to get some 
truth is, you don't really need a telescope to enjoy magnification in your hands that money gets 
the night sky. What's even better is that getting involved, but it doesn't have to be this way. 
involved in astronomy is absolutely free. Provided you choose wisely, your first pair of 
A beginner will often be advised to simply use binoculars, or indeed your first telescope, can last 
their eyes to familiarise themselves with the night you for years, and could even serve as a trusty 
sky - most likely with the aid of a star map or a backup to a later purchase. 
planisphere. In general, even if you're looking to buy 

a telescope at a later date, learning your way around 


is essential. Of course, if you're happy to use the 


Pare minima of ots saiapevo vou enveul’ “BEFORE YUU HEAU QUT SIDE 
THERE ARE A VARIETY OF 

ings yous beavare ot togttnemost out THINGS YOU SHOULD BE 

et ed cbseve efaner tages and AWARE QF TQ GET THE MOST 
OUT OF STARGAZING’ 


with the unaided eye. 
Before you head outside there are a variety of 
things you should be aware of to get the most out 


darkest site possible. Any light pollution is sure to 
make taking in the night sky difficult. While the 




































Moon is one of the best targets for naked-eye and 
binocular-wielding astronomers, it is also a source 
of light pollution, and must be at its new phase or a 
slim crescent to cause minimum interference. 
Finding yourself under untouched skies is a 
breathtaking experience, and you'll be amazed what 
you can see with the unaided eye. Star clusters, 
such as the Pleiades, are easily detectable, as is the 
star-forming region known as the Orion Nebula. The 


Right: Even a 
basic telescope 
can allow you 
to get better 
views of the 
Moon and 
planets 
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Right ascension (RA) 


Right ascension is to the sky what 
longitude is to the surface of 
Earth, corresponding to east and 
west directions. It's measured 

in hours, minutes and seconds 
since as Earth rotates we see 
different parts of the sky through 
the night. 


Declination (Dec) 


This tells you how high your 
object will rise in the sky. Like 
Earth's latitude, declination 
measures north and south. Its 
units are degrees, arcminutes 
and arcseconds. There are 60 
arcminutes in a degree and 60 
arcseconds in an arcminute. 


Bortle scale 


The Bortle scale measures the 
brightness of a night-sky location, 
quantifying the observability 

of an astronomical object and 

the interference caused by light 
pollution. Scale 1 represents 
excellent dark skies. 


Sky quality meter 


A sky quality meter device 
measures the luminance of 
the night sky at your location. 
Measurements of 21.75 
magnitudes per square 
arcsecond or above represent 
excellent night skies - a great 
time to stargaze! 
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Forget about sky charts 
and smartphone apps 
— YOU Can get a good 
idea of the distance 
between objects with 
nothing but your 

bare hands 


1 degree 


Hold out your 
index finger and 
you can measure 
the distance and 
apparent size of an object 
equivalent to one degree. The 
full Moon is 0.5 degrees. 





5 degrees 


By stretching out 
your arm and 
holding up three 
fingers, you are able 
to measure a distance between 
objects and an object's size 
equal to five degrees. 






10 degrees 


Your fist measures 
about ten degrees. 
If you can stretch 
out your arm and fit 
your fist between Jupiter and 
the Moon, then the pair are ten 
degrees apart. 


20 degrees 


By holding out your 
arm in front of you 
and spreading out 
your fingers, you 
are able to measure a distance 
of approximately 20 degrees 
across the night sky. 


ALL ABOUT 
MAGNITUDES 


An object's magnitude tells 
you how bright an object is 
as it appears from Earth. In 
astronomy magnitudes are 
represented on a numbered 
scale. Quite confusingly, the 
lower the number, the brighter 
the object. For instance, 

an object of -1 magnitude 

is brighter than one with a 
magnitude of +2. 
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TOP THREE NAKED-EYE TARGETS 
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Orion Nebula (M42) The Pleiades (M45) Andromeda Galaxy (M31) 

Right ascension: 05h 35m 17s Right ascension: 03h 47m 24s Right ascension: OOh 42m 44s 

Declination: -05° 23' 28" Declination: +24° 07' OO" Declination: +41° 16’ 09" 

Best seen: Winter Best seen: Winter Best seen: Autumn 

Constellation: Orion Constellation: Taurus Constellation: Andromeda 

Magnitude: +4.0 Magnitude: +1.6 Magnitude: +3.5 

Glancing below the three stars of Orion's belt, | You can't miss the Pleiades star cluster At a distance of 2.5 million light years away, 
you should be able to make out the Orion during the nights of winter and spring. You the Andromeda Galaxy, also known as Messier 
Nebula as a smudge in a dark, light-pollution should be able to see six or seven stars ina 31, is the furthest object we can see with the 
free sky. The Great Nebula in Orion is a huge formation that's akin to a miniature version unaided eye. You need a dark site to be able to 
cloud of gas that is forming new stars about of the Plough, or Big Dipper, when seen with see this spiral galaxy as a faint smudge in dark 
1,344 light years away from our Solar System the naked eye. This open star cluster is visible |§ and moonless night skies in the constellation 
and is also visible from suburban areas. even with light pollution. of Andromeda. 


DARK-SKY DESTINATIONS 


Go to the world's best night skies for a stargazing experience like no other 


1 Natural Bridges 2 Chaco Culture National 6 Galloway Forest Park 7 Brecon Beacons 
National Monument Historical Park Bortle sky class: 1 to 3 National Park 
Bortle sky class: 1 to 3 Bortle sky class: 1 to 3 Sky quality meter reading: Bortle sky class: 3 to 5 
Sky quality meter reading: Sky quality meter reading: 21./5 or above Sky quality 
21.75 or above 21.75 or above Location: Dumfries and meter reading: 
Location: Utah, US Location: New Mexico, US Galloway, Scotland 21.00 or above 


Location: Brecon, Wales 
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3 NamibRand Nature 5 Aoraki Mackenzie 
Reserve 4 Death Valley National Park International Dark Sky Reserve 
Bortle sky class: 1 to 3 Bortle sky class: 1 to 3 Bortle sky class: 1 to 3 
Sky quality meter reading: Sky quality meter reading: Sky quality meter reading: 
21.75 or above 21.75 or above 21.75 or above 
Location: Namibia, Africa Location: California and Nevada, US Location: South Island, New Zealand 


© Getty 
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B Copernicus Ke 
Coordinates: Coordinates: 
9.62°N 20.08°W 51.6°N 9.3°W 


Diameter: 101km (63mi) 
Depth: 1.4km (0.86mi) 


Diameter: 93km (58mi) 
Depth: 3.8km (2.4mi) 


All moon images © NASA 


YOUR NUMBER UNE TARGET 


All of these sights can be seen with the naked eye 












; Ret 
A Aristarchus 
Coordinates: 
Coordinates: 32.5°S 54.2°F 
23.7°N 47.4°W 


See feria 


Diameter: 75km (47mi) 


Diameter: 40km (25mi) ne Cana 


Mare Imbrium Depth: 3.7km (2.3mi) 


(Sea of Showers) 
Coordinates: 32.8°N 15.6°W 
Diameter: 1,146km (712mi) 


A large circular sea, Mare 
Imbrium is immediately visible 
to the northeast of the great sea 
Oceanus Procellarum. Given its 
size, it can be picked out quite 
easily with the naked eye. 





Oceanus Procellarum 
(Ocean of Storms) 


Coordinates: 18.4°N 57.4°W 
Diameter: 2,592km (1,611mi) 


Not too tricky to spot with the 
naked eye, Oceanus Procellarum 
is best viewed when the Moon 
is full or when the Moon makes 
its morning appearance in the 
waning or last quarter phase. 









eet 
Coordinates: 
24.7°S 65.3°W 
Diameter: 87km (54mi) 


Mare Tranquillitatis 
Depth: 4.6km (2.8mi) 


(Sea of Tranquillity) 
Coordinates: 8.5°N 31.4°E 
Diameter: 876km (544mi) 


The sea where Neil Armstrong 
made the first-ever human 
footprint on the Moon. Visible 
olla ar-m dame) emi ecimeL Or] aka) 
waxing gibbous and also the 
waning phase. 










Coordinates: 
43.31°S 11.36°W 


Diameter: 86km (53.4mi) 
Depth: 4.8km (2.9mi) 


Diameter: 173km (107mi) 
Depth: 2.7km (1.7mi) G Kepler 

Coordinates: 8.1°N 38.0°W 
Diameter: 32km (20mi) 


Depth: 2.6km (1.6mi) 





Mare Crisium 
(Sea of Crises) 


Coordinates: 17.0°N 59.1°E 
Diameter: 556km (345mi) 


Fairly easy to pick out with 

the unaided eye, Mare 

Crisium is oval shaped and 
located to the east of Mare 
Tranquillitatis. It's visible to us on 
Earth during the first quarter, full 
and waxing phases of the Moon. 





Mare Vaporum 

(Sea of Vapour) Waxing ey EC Cole la eT Waning 
aeete | etn REBT ABT a gata eT lately gibbous itredhsche gibbous eT T ately ra gta )al 
Diameter: 242km (150mi) Tame eles Around half SRM MAT completely Teel eye) nt You'd have to The Moon's 

afternoon and the Moon Moon can be illuminated DeTe@lalcem tars Stay up late last visible 

CRORE Sali maa just after dusk, can beseen, seentohavea andmakes ee ase into the night | phase canbe 
See the Moon Te) Yea hunched back, _ its grand ATMEL and into the Tala 
easily detectable with the naked BY 4 BLES in the late with over 50 appearance phase is visible morning to MrT: 
eeu Biel leKale a oka visible phases = afternoonand = percentofits from sunset into the early catch the brightearly 2 
leet asacrescent. earlyevening. surface visible. to sunrise. morning. last quarter. morning sky. % 
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MAGNIFYING YOUR EXPERIENCE 


A pair of binoculars or a telescope can bring out the very best features of the night sky 


Naked-eye astronomy is a rewarding experience, 
but to really see as far into the universe as possible, 
you need an optical aid. Binoculars are always good 
to begin with, and just being in possession of a pair 
of 1Ox50s immediately opens up the opportunity to 
erab sights of night-sky targets that your eyes can't 


make out alone. Not only that, but simply increasing 


the magnification can provide even better views of 


objects that you can already see with the naked eye. 


You should still give your eyes time to adapt 
to the darkness. Given that targets will be more 
difficult to find and that they can't be seen as well 
with the naked eye, you should make good use of a 
night-sky guide or planisphere and use a red torch 
to read it to preserve your night vision. 

On your first night, you shouldn't expect too 
much. You are likely to see galaxies and nebulae 
that resemble faint, fuzzy patches of light. Planets, 
on the other hand, can appear marginally better, 
and the greater your magnification, the more 
impressive your view of our Solar System will be. 

All's not lost with getting the best out of 
observing fainter targets though. With the help of 
averted gazing, which involves looking at an object 
using your peripheral vision, a faint object seen 
through your telescope or binoculars will appear 
brighter, since the rod cells around the outside of 
your eye are much more sensitive to the dim light 
of an object. 


UU 


Go old school 


The simple solution to 
finding a celestial object 
is to use ‘GoTo’ systems 
on a modern telescope. 
These orientate a telescope 
to a desired object with 
almost no user input. If not 
available, you must star hop: 
navigate through the night 
sky by jumping from one 
known celestial object to 


another. When using small, 
mobile scopes, this is often 
eam eiy=1a1 ir] dB 


light torch. 


Get chart friendly 


To star hop there are a 
few things you need, and 
a Star chart is a must-have 
- one that shows stars and 
other objects clearly. While 
you can probably see the 
chart's contents clearly when 
you buy it in the middle 
of the day, at night it will 
be - hopefully - pitch black 
at your stargazing spot. To 
see properly, make sure you 
partner the chart with a red- 


Right: 
Astronomy is 
a great family 
activity as well 
as one you can 
embark on 
alone - or with 
like-minded 
astronomers 
as part of 

a society 





To get the best views, you should take care of 


, 


where you place your telescope. A stable surface is 


essential. Before you head outside you should also 


have an idea of what you wish to observe. Once 


you're outside and ready to gaze at the wonders of 


the night sky, experimenting with the magnification 


of your telescope by changing eyepieces will 


provide you with different and more impressive 


views of your chosen targets. 


Find your field 


Determine the field 
of view (FOV) of your 
binoculars or telescope. This 
is written on binoculars, 
but not telescopes. To find 
it on telescopes divide 
the apparent FOV of the 
eyepiece, usually specified 
YAM al=Manr-]al 0rd 0la-lem eo) medal 
telescope’'s magnification. 
The finderscope has a larger 
FOV than the main scope, 
so start with your lowest 
magnification eyepiece. 


ia asi rea 

It's useful to have an FOV 
template too. This can be 
achieved with a few square 
centimetres of clear plastic, a 
drawing compass and a felt- 
tip pen. Find a star on the 
ols emeclalee=m dats) Wma iale (=) 9 
on it, check the stars on the 
edge of the FOV and then 
draw a circle on the plastic 
with the compass point on 
the star in the middle of the 
FOV. This will encircle the 


stars on the edge of the field. 
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INCREASING THE 
MAGNIFICATION CAN 
PRUVIDE EVEN BETTER 
VIEWS OF OBJECTS: 


Star hop to target 


Find a bright or easily 
recognisable star in the 
middle of your scope's FOV. 
Note the stars at the edge of 
the field in the direction your 
target object lies in. Move 
the scope so the stars that 
were at the edge of the FOV 
on one side are now on the 
other. Repeat to find more 
chart-recognisable stars. You 
can jump across the night 
sky using the chart as a map 
to follow your target. 


© Ed Crooks 
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What's in the sky? 
As we enter the point of 
GR Na iCalenbatoms @ (acme VATE 
autumn has to offer 


Cee rl 
Dusk to dawn belongs to the 
ice giants this month, as Jupiter 
also offers a spectacular view 


Moon tour 
Get the best views of the most 
dramatic cliff on the face of the 
Moon, Rupes Recta 








\ ESSENTIAL GUIDES AND ADVICE FOR AMATEUR ASTRONOMERS 


VAAatelacmia! 
the sky? 
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Naked eye & 
binocular targets 
Find stunning spiral galaxies 
that lie many light years away 


Deep sky challenge 
A ghostly nebula and a rose- 
shaped star cluster are among 
your observing challenges 





The Northern a a eee 
Hemisphere Tt ttt 
Myriad targets are on show 
throughout the cooler 

Telescope review 


Is the Celestron NexStar 127 SLT 
the right telescope for you? 


Asteroid 19 Fortuna 

is well placed for 
observation in Pisces at 
magnitude +9.4 


Neptune is at 
opposition and well 
placed for observation 
in Aquarius 


| Source: AWATcah elevate} Commons a. 


Mercury reaches its 
highest point in the 
evening sky, shining 
brightly at 0.0 


The Moon, Jupiter and 
Saturn pass within at 
least 1°35' of each other 
in Sagittarius 


September equinox, 
marking the first day 
of autumn for the 
Northern Hemisphere 
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Dwarf galaxy Messier 
110 is well placed for 
observation, shining at 
+8.9 in Andromeda 


I 
OCT 


The Andromeda Galaxy 
(Messier 31) is well 
placed for observation, 
shining brightly at +3.4 


Source: Wikipedia Commons © Adam Evans 













A conjunction is an alignment of objects at the same 
celestial longitude. The conjunction of the Moon and 
the planets is determined with reference to the Sun. 
A planet is in conjunction with the Sun when it and 
Earth are aligned on opposite sides of the Sun. 


Right Ascension is to the sky what longitude is to 

the surface of the Earth, corresponding to east and 
west directions. It is measured in hours, minutes and 
seconds since, as the Earth rotates on its axis, we see 
different parts of the sky throughout the night. 
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The Moon and Venus Comet 88P/Howell will 
make a close approach, shine at its brightest at 
passing within 4°21' of magnitude +8.6 


each other in Cancer 


SEP 


Asteroid 68 Leto will 
be well placed for 
observation, shining 
brightly at +9.6 in Cetus 


SEP 


The Daytime Sextantids 
reach their peak of five 
meteors per hour 


OCT 


Dwarf galaxy Messier 
32 is well placed for 
observation, shining at 
+8.1 in Andromeda 


OCT 


Mercury reaches half 
phase (dichotomy) in the 
evening sky, shining at 
magnitude +0.1 


OCT 


The Moon and Mars 
make a close approach, 
passing within 0°39' of 
each other in Pisces 
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Source: Wikipedia Commons © Astronomical Institute 
of the Charles University: Josef Durech, Vojtéch Sidorin 








STARGAZER 


What's in the sky? 





This tells you how high an object will rise in the sky. 
Like Earth's latitude, Dec measures north and south. 
It's measured in degrees, arcminutes and arcseconds. 
There are 60 arcseconds in an arcminute and there 
are 60 arcminutes in a degree. 


An object's magnitude tells you how bright it 
appears from Earth. In astronomy, magnitudes are 
represented on a numbered scale. The lower the 
number, the brighter the object. So, a magnitude of 
-1 is brighter than an object with a magnitude of +2. 
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When a celestial body is in line with the Earth and 
Sun. During opposition, an object is visible for the 
whole night, rising at sunset and setting at sunrise. At 
this point in its orbit, the celestial object is closest to 
Earth, making it appear bigger and brighter. 


When the inner planets, Mercury and Venus, are at 
their maximum distance from the Sun. During greatest 
elongation, the inner planets can be observed as 
evening stars at greatest eastern elongations and as 
morning stars during western elongations. 
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Mercury is at its 
greatest elongation 
east, glimmering at 
magnitude 0.0 


Naked eye 
Binoculars 

Small telescope 
Medium telescope 


Large telescope 
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MORNING SKY 


Moon calendar 


* The Moon does not pass the meridian on 30 September 
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What's in the sky? 
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Date 


10 SEP 
17 SEP 
24 SEP 
10CT 
7 OCT 


10 SEP 
17 SEP 
24 SEP 
10CT 
7 OCT 


10 SEP 
17 SEP 
24 SEP 
10CT 
7OCT 


| 1OSEP 


17 SEP 
24 SEP 
10CT 
7 OCT 


10 SEP 
17 SEP 
24 SEP 
10CT 
7 OCT 


RA 


12h 22m 52s 
12h 59m 20s 
13h 32m 39s 
14h O1m 49s 
14h 21m 12s 


O8h 23m 05s 
08h 55m 13s 
O9h 27m 20s 
09h59m19s 
10h 26m 35s 


01h 49m 34s 
01h 48m 03s 
01h 43m 48s 
01h 37m 13s 

01h30m 13s 


19h 14m 31s 
19h 14m 34s 
19h 15m 18s 
19h 16m 42s 
19h 18m 24s 


19h 49m 28s 
19h 48m 43s 
19h 48m 19s 
19h 48m 14s 
19h 48m 26s 


Coma Berenices 


Dec 

-Q2° 38' 38" 
-07° 29'52" 
-11° 48°19" 
-15° 20' 59" 
-17° 30° 41" 


+18° 07' 29" 
+16° 39' 04" 
+14° 47°15" 

+12° 34° 00" 
+10° 24' 36" 


+06° 45' 08" 
+06° 42' 21" 
+06° 29' 08" 
+06° 08' 02" 
+05° 46' 13" 


-22° 45'10" 

-22° 45' 24" 

-22° 44° 24" 
-22° 42' 08" 
-22° 39' 11" 


-21° 2119" 

-21° 23'39" 
-21° 25'Q7" 
-21° 25' 40" 
-21°25' 27" 


All rise and set times are given in BST 


Constellation Mag 


Virgo 
Virgo 
Virgo 
Virgo 
Virgo 


Cancer 
Cancer 
Leo 
Leo 
Leo 


Pisces 
Pisces 
Pisces 
Pisces 
Pisces 


Sagittarius 
Sagittarius 
Sagittarius 
Sagittarius 
Sagittarius 


Sagittarius 
Sagittarius 
Sagittarius 
Sagittarius 
Sagittarius 





-0.2 
-O.1 
0.0 
0.0 
+0.1 


-4.2 
41 
4.1 
4.1 
4.1 


-2.0 
-2.2 
-2.4 
2,2 
-2.6 


-2.5 
-2.5 
-2.4 
-2.4 
-2.3 


+0.4 
+0.4 
+0.4 
+0.5 
+0.5 


Rise 

08:14 
08:47 
09:16 
09:37 
09:45 


02:23 
O2:37 
02:52 
03:09 
03:25 


20:50 
20:22 
19:51 
19:19 
18:50 


16:57 
16:30 
16:03 
15:36 
15:14 


17:23 
16:55 
16:27 
15:59 
15:36 


Set 


19:54 
19:38 
19:21 

19:03 
18:46 


17:46 
17:42 
17:35 
17:27 
17:19 


10:10 
09:41 
09:08 
08:32 
08:00 


00:56 
00:28 
23:58 
23:32 
23:10 


01:40 
01:11 

00:43 
00:16 
23:48 
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his month's planets 


Dusk to dawn belongs to the ice giants this month, as Jupiter offers a 
spectacular view before dipping out of sight 


le 


BN ORU 


eC CalEiates eeeve lo 
' Magnitude: +5.7 
AM/PM: PM 


Uranus marks a turning point in our exploration 
of the Solar System, discovered by William 
Herschel in 1781 from the city of Bath. Uranus is 
tipped on its side by 98 degrees - it appears to roll 
around the Sun, and currently its north pole is 
facing us at an angle of 50 degrees. Scientists are 
not sure why Uranus is on its side, but suspect a 
giant impact long ago may have knocked it over. 

Uranus is an ice giant, which is a mysterious 
kind of gaseous world that also contains lots of 
ices - water, methane, nitrogen and so on - and 
our lack of knowledge about this kind of world is 
not helped by the fact that only one spacecraft 
has ever visited Uranus to explore it - NASA's 
Voyager 2 mission back in 1986. 
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23:07 BST on 10 September 


Throughout autumn Uranus can be found 
slowly wandering through the southern part of 
the constellation of Aries, the Ram. It comes to 
opposition on the night of 31 October and reaches 
a healthy 54 degrees above the horizon in the sky, 
which is the highest it has been seen from the UK 
in over five decades. Uranus shines at magnitude 
+5.7, which means that technically it can be seen 
without binoculars or a telescope, but you would 
need a very dark sky and to know exactly where 
to look, so almost everyone will need a telescope 
to see it. 

Uranus will appear as a fuzzy, turquoise disc 
when seen through a 1OOmm_-aperture telescope. 
It is unlikely that you will be able to see any 





details on its globe - it takes a very large aperture, 
in excess of 300mm, or the talents of the best 
astrophotographers - to tease out any vague 
details, and indeed Uranus notoriously appeared 
bland when Voyager 2 visited it. The same goes 
for its five main moons, which shine at around 
14th magnitude, but the accomplishment comes 
from just seeing the planet that lies 2.84 billion 
kilometres (1.76 billion miles) away from us. 

Look for Uranus from about 23:00 BST onwards 
this month, when it has climbed up to about 
15 degrees in the sky and the sky has become 
sufficiently dark. Uranus should then be visible, 
climbing higher and higher in the sky until dawn 
breaks the following morning. 











Constellation: Virgo 

Magnitude: -0.2 

AM/PM: PM 

Mercury, the innermost planet, 

is better seen from the Southern 
Hemisphere during September and 
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Constellation: Pisces 

Magnitude: -2.1 

AM/PM: PM 

Mars is nearly at its best for this 
year - it will be at opposition on 13 
October. Throughout September 
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Constellation: Sagittarius 
Magnitude: +0.4 

AM/PM: PM 

The ringed planet has been 
following Jupiter around in the sky 
all summer, a dynamic duo in the 


iM 


early October than the Northern 
Hemisphere. It reaches what 
astronomers call its ‘greatest eastern 
elongation’ from the Sun - its 
maximum distance to the east in 
the sky from the Sun - on 1 October. 


it brightens from magnitude -1.8 

to -2.5 as it also begins to move 
retrograde - as if it’s moving 
backwards. Look for Mars rising in 
the east at about 21:30, and the Red 
Planet is visible all night. 
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southern sky. Like Jupiter, Saturn's 
low elevation of just 16 degrees 
hampers observation, particularly if 
you have rooftops and trees in the 
way, but if you have a clear horizon 
then Saturn is obvious. 


This month's planets 





Constellation: Leo 

Magnitude: -4.2 

AM/PM: AM 

Venus can be seen shining brightly 
before dawn. To identify it, just look 
to the east before the Sun comes 


~ AQUILA 
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Constellation: Sagittarius 
Magnitude: -2.5 

AM/PM: PM 

Its low height in the sky still can't 
obscure Jupiter's brilliance as a 
shining blue-white orb hanging 


Uranus P 
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Constellation: Aquarius 
Magnitude: +78 

AM/PM: PM 

The Solar System's other ice giant, 
Neptune, comes to opposition on 
11 September, when it will be at its 
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Moon 











up - it will be the brightest ‘star’ in 
the sky. Telescope or binocular users 
can look forward to Venus passing 
close to both the Moon and Messier 
44, the Beehive Cluster, in Cancer in 
the early hours of 14 September. 
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over the southern horizon. A 

small telescope, or perhaps even 
binoculars, will show Jupiter's four 
Galilean moons - namely Io, Europa, 
Ganymede and Callisto - orbiting 
and transiting the planet. 
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brightest for the year. Unfortunately 
that's not saying much - ata 
distance of 4.3 billion kilometres 
(2.6 billion miles), Neptune is so 

far away that it appears rather faint 
even when at its best. 
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The Straight Wall \, 
is easiest to see AN 
Ai Ce 


' when it is near the , 
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How to find the most dramaticic 
on the face ofthe Moon 


I 


If you have a small telescope, or a powerful pair of 
binoculars, and look to the lower left of the great triple- 
crater chain of Ptolemaeus, Alphonsus and Arzachel 
you will see - depending on the time of the month 

- either a short, dark line or a short, bright line. Moon 
atlases and phone apps identify it as ‘Rupes Recta’, and 
to be honest it doesn't look like much at first glance, 
nothing more than a dark pencil line or a white chalk 
scratch drawn on the Moon's round, grey face. But 
Rupes Recta has another name, and it is one of the 
most famous and beloved features on the whole of the 
Moon. It's known as the ‘Straight Wall’ It's not actually 
a Wall. It is an enormous scarp, a region where part of 
the Moon's surface dropped dramatically away, leaving 
a steep cliff behind. 

That cliff is very narrow, nowhere near as wide as 
the terraced rims of those three giant craters blasted 
out of the Moon to its north. It’s not that tall either. 
with a maximum height of around 450 metres 
(1,476 feet), it's roughly as tall as the London Eye, or 
two nuclear submarines balanced end to end. And 
although the Straight Wall gives the impression of 
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being a towering cliff face, it's not. Pre-Apollo space 
artists depicted the Straight Wall as vertical - a frozen 
tsunami wave of grey lunar stone - but if you stood 
at its base its slope would rise at an angle of only 30 
degrees Or SO. 

So Rupes Recta turns out to be not very wide, or 
very high. The Straight Wall's remaining claim to 
fame is that it is very long. Stretching more than 110 
kilometres (68 miles) across the lunar surface, it would 
reach from London to the Isle of Wight if placed on 
Earth - or from Carlisle to Edinburgh if you prefer 
a more northerly comparison. That's so long that it 
would have taken Apollo astronauts more 
than eight hours to trundle and bounce 
from one end to the other in the lunar 
rover which was used on the Moon 
in the later missions. 

The Straight Wall will first 
become visible on 25 September, 
when the Moon will be just past its 
first quarter phase. On that evening, 
with sunlight illuminating it from the 









east, its cliff face will be in shadow, so it will look 

like a very obvious short, dark line to the lower left 
of Arzachel, very close to a small, deep pit of a crater 
called ‘Birt’. As sunlight creeps across the Moon's face 
and the cliff's shadow retreats, the Straight Wall will 
slowly turn into a bright line which seems to sink 
down into the Moon, becoming harder and harder to 
see until it is barely visible at all at full Moon. 

The best time to see the Straight Wall will be after 
midnight on 10 October, when the Moon has just 
passed last quarter. Now illuminated from the west, 
Rupes Recta’s cliff face will be bathed in full sunshine, 
making it appear as a strikingly bright 
line etched into the darker surface of 
the Moon, looking as if it has been 
dug out of the ancient, frozen lava 

flows of Mare Nubium by the tip 
of a knife's blade. At this time it 
Will be visible in a good pair of 
binoculars, but telescopes will 
offer the best views, the higher the 
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magnification the better. 
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The Whirlpool Galaxy * 
(Messier 51) 
This beautiful spiral galaxy, the same 
size as our own Milky Way, contains 
more than 160 billion suns and lies 
more than 23 million light years from 
Earth. It looks like a very small, round . 


patch in binoculars close to the star toate | EN. = me a Major ee ? 
marking the tip of the Great Bear's tail. ; . : ae: , 
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S Mirela litem are), 
One of the most famous double stars 
inthe sky, Mizar and its close companion 
. Alcor were once used as a test of good 
eyesight. Today we know they are actually 


Arcturus (Alpha BoGtis) 
The fourth-brightest star in the entire 
sky, magnitude -0.05 Arcturus is a giant star 


almost 30-times wider than our Sun. Only 37 
light years away - close in cosmic terms - its | 
nickname is ‘the Bear Watcher’ due to its 
proximity to Ursa Major (the Great Bear). 


Six stars orbiting around each other, more 
than 78 light years from Earth. 
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We've got some real observing challenges for our readers this month, 
with faint gems hidden among the bright, familiar stars of the much 
loved constellations of Perseus and Cassiopeia. However, with the sky 
staying bright until the very small hours at this time of year you'll 
need to stay up late or get up early to see them. 

NGC 7789 is a loose cluster popularly known as ‘Caroline's Rose’ 
Discovered by Caroline Herschel in 1783, its many loops of stars and 
the dark gaps between them give it - some observers claim - a strong 
resemblance to a white rose. See what you think when you have it in 
the middle of your telescope's eyepiece. 

Messier 76 is a planetary nebula nicknamed the ‘Little Dumbbell 
Nebula’ and is infamous among deep-sky observers as one of the 
hardest to see of Messier's catalogue of 110 objects. Definitely one for 
the owners of large-aperture ‘light buckets’ to try and hunt down. 

Owners of small telescopes aren't left out, however. The pretty little 
magnitude +5.6 cluster Messier 34 is worth looking at through any 


(NGC 7789) 
telescope at any time. | 
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Caroline's Rose — 
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Source: Wikipedia Commons @Remitione 
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STARGAZER 


Deep sky challenge 


(NGC 1499) 

NGC 1499 is quite large, but 
its very low surface brightness 
means it is hard to see in small 
telescopes. It is only seen 
properly through light-gulping 
medium- or large-aperture 
instruments. 


NGC 559 
This ninth-magnitude loose 


open cluster in Cassiopeia 
contains several dozen stars 
and is best seen in medium- 
aperture or larger telescopes. It 
is 3,700 light years away and 


: | re | approximately 4’ across. 
Sole 


: re Little Dumbbell 
- a | Nebula (Messier 76) 

; Magnitude +10.1 M76 is one 
of the most difficult to find of all 
of Messier's objects; only large 
instruments will show it clearly. 
Despite its nickname it looks 
more like a misty elongated patch 
than a twin-lobed dumbbell. 


| oe California Nebula 


Messier 34 
Just north of Algol, M34 is 


a very loose open cluster 
of 100 or so stars covering the 
Same size area as the full Moon. 
Small telescopes give the best 
view of the trio of arms coming 


Little Dumbbell , | from its centre. 


Nebula (M76) 
5) Messier 103 
This magnitude +7.4 


open cluster is one of the 
sky's ‘hidden gems’. Small- and 
medium-aperture telescopes give 
lovely views of the ‘miniature 
Orion's Belt’ across its centre, an 
orange star with an icy blue star 
on either side. 


Caroline's Rose 

(NGC 7789) 

The stars in magnitude 
+6.7 NGC 7789 are so densely 
packed that some think it looks 
more like a globular cluster 
than a loose cluster. Either way, 
medium- and large-aperture 
telescopes are needed to see the 
Stellar petals’ subtle outlines. 


MESSIER 34 IS WORTH 
LOUKING AT THROUGH ANY 
TELESCOPE AT ANY TIME" 


Source: Wikipedia Commons ©Vanderbei 








The Northem 
Hemiuspnere 


The skies have darkened as we head into 
autumn, with some favourites returning 


Cassiopeia (the Queen) and Cepheus (the King) lie in the dusty path of the 

















Milky Way, offering not just a rich star field, but impressive deep-sky objects 
too. The Owl Cluster (NGC 457) is particularly easy to pick out with decent 
binoculars, its 75 to 100 bright stars forming the shape of an owl with spread 
wings, while the bright double star Phi Cassiopeiae forms the celestial bird's 
eyes. Double star Alpha Cassiopeiae is easy to split, resolving a bright, yellow 
primary and faint, blue secondary and providing delightful views. Use the 
constellations of Pegasus, Aquarius and Pisces and you'll be able to locate 
Cetus (the Sea Monster), which contains the remarkable variable star Mira 

as well as a wide selection of galaxies. 





This chart is for use at 22:00 (BST) 
mid-month and is set for 52° latitude. 


Hold the chart above your 
© head with the bottom of the 
page in front of you. 


Face south and notice 
that north on the chart 
is behind you. 


™ The constellations on the chart 
should now match what you 
see in the sky. 


Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
0.5 to 1.0 
1.0 to 1.5 
1.5 to 2.0 








2.0 to 2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0 to 4.5 


© |) Open star clusters 
» — Globular star clusters 


Bright diffuse nebulae 





Fainte Planetary nebulae Observer's note: 

rainter The night sky as it appears 

ae Galaxies on 17 September 2020 at 
— ) approximately 22:00 (BST) 
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STARGAZER 
|The Northern Hemisphere 














se 
re a ; = 2 Messier 77 3 
Sve: oa , : ‘ x. = 
td 3 ; 25 
, Z or; A 
. ; we . & 2S 
© r UO ro 9 
LJ . " 
| . ; cA on 
7 ti PS qe 
, S 
) e r L ce rt a 
CS r ad ° , ° L ] 
> i r 7 + - Pa y b 
sl F o re ry tS oe he o 
S) 5 ra <r Te) 
Pl » me > < =) = = r 
y P S G a ae. . - o me = '@) 
- Pl Sy : ; P a = 
Es | (GS) | va - 
a Lo Gp RS CIN 
> : Fl a Ne e 
er ‘ . ® RY i a = 
: ; - ; . bs = & J 2 
F s , a a S bh 
= i 3 ° 
Wr : P , F 
\) <a Ps = 1 © Sj : 
> > Vol r ri 5 = 
Us = ae Q S$ ] | 4 
ME . ee oe | 
7 ogre pr Iris Nebula (NGC 7023) 5 
ole) 0 aes . 
L 
r NN) 
4 po 
~ 
ry AN 
i oy 
, re Nie 
°. : 
y ” 





Source: Wikipedia Commons © Chuck Ayoub 


Pacman Nebula (NGC 281) 
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Celestron 


NexStar 127 SLT 





A small telescope that packs a punch, this Maksutov-Cassegrain is an 
ideal companion for observations of the Solar System 


Telescope 
advice 


Cost: £579.00 (approx. $754) 
From: David Hinds Ltd 
Type: Maksutov-Cassegrain 
Aperture: 5" 

Focal length: 59” 





Best for... 


Beginners 





Medium budgets 


Planetary viewing 





i( | Bright deep-sky objects 


Lunar viewing 


OO 


( ©) ) Basic astrophotography 
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If you're looking for an affordable entry-level 
telescope for planetary viewing that will take a few 
years to outgrow, then the NexStar 127 SLT could be 
the instrument for you. With a price tag of £579.00, 
we also think that this Maksutov-Cassegrain is a 
worthy contender for those wishing to upgrade on a 
more basic entry-level scope. 
Unboxing the 127 SLT, the telescope's high 

quality was immediately noticeable, and setting 
it up was nothing short of a breeze. If this is your 
first time using a computerised scope and you're 
concerned about putting it together, there’s no need 
to worry - the procedure in getting the GoTo facility 
up and running is fairly straightforward, meaning 
that the 127 SLT is fully functional in a matter of 
minutes. Celestron provides a step-by-step guide 
along with software to help you with alignment. 
We do recommend that you have a very good idea 
of how the SkyAlign software works before heading 
outside for the evening, however, as reading 
instructions in the dark may prove to be difficult 
and will become quite frustrating if you haven't 
digested the steps required for an easy set up. The 
mount includes a spirit level, and it’s important to 
make use of this to ensure that the GoTo system 
is able to achieve optimum performance. Once 
completely set up the 127 SLT is extremely portable, 
making it ideal for astronomers who like to switch 
between observing in their garden and travelling to 
darker sites. 

We chose three bright stars that were sufficiently 
separated for alignment, with the telescope 


long before we began touring the night sky. The 


_ #“S GoTo system responded very well during our 


review, and will certainly take the pain out of 
locating objects for those who struggle to find 
their way around the heavens. 
Unfortunately, however, this 
Maksutov-Cassegrain does have a few 
downsides. The 127 SLT is quite top- 
heavy, and while it wasn't on the brink of 
falling over, we do recommend investing 
in a tripod that’s able to hold the mount and 
tube much more steadily. Additionally, the tripod 
vibrates while the GoTo's motors are in motion, and 


responding very well to our choices, and it wasn't 


even with the slightest touch of the focus knob. 
As a result we needed to stop and start focusing 
for a steady view since the target bounced around 
the field of view if we tried to look through 
the eyepiece and bring the object into focus 
simultaneously. Another problem that we found is 
that the telescope is quite demanding of the eight 
AA batteries that it requires. It’s a given that they 
won't last for very long in cold conditions, and the 
supplied batteries were drained in just a couple of 
hours of observation. We recommend investing in 


good batteries, being mindful of a sufficient voltage. 


We also think it's wise to purchase a 12V DC power 
supply for powering the GoTo, something the 
telescope isn't supplied with. 


TF Tals Is YOUR FIRST COMPUTERISED 


SCUPE AND YOURE CONCERNED ABOUT 
PUTTING I TOGETHER, THERE'S NU 


NEED 10 WORRY” 


For our review we took advantage of a waning 
gibbous Moon using the supplied 9mm and 25mm 
Plossl eyepieces, which provided magnifications 
of 167x and 60x. Observing the lunar surface was 
breathtaking with this telescope, with craters, 
rilles and lunar mare being highly resolved 
and extremely clear. We ran along the Moon's 
terminator, taking in exquisite views of the rugged 
surface where bright meets dark. The craters 
Catharina, Aristoteles and Cyrillus were particularly 
stunning, with shadows falling across them 
beautifully and truly making them pop. Heading 
over to brighter craters Tycho, Longomontanus and 
Clavius, the 127 SLT’s optical system once again 
produced beautiful, clear and crisp results. 

The telescope’s database contains around 4,000 
objects. Sadly, however, a good proportion of 
these are faint deep-sky objects that the 127 SLT's 
optical system just isn't capable of viewing due 
to its long focal length and small aperture. You 
will be able to make a smudge of light out when 


Left: The fork 
arm will allow 

for some basic 
astrophotography 








Celestron NexStar 5 SLT N 


Main: The 
telescope is 
made of sturdy 
Stainless steel, 
but does shake 
when the GoTo 
motors are in 
operation - 
and even with 
the slightest 
touch of the 
focusing knob 

























Below: The 127 
SLT's optical 
system makes 
it a very good 
telescope for 
touring the 
Solar System 





observing galaxies, but 
this telescope is best used 

for Solar System objects and some brighter 
deep-sky targets. We were able to resolve Jupiter's 
cloud bands with ease given the steady seeing 
conditions, and cleanly separated several pairs of 
double stars. Views are clear across an excellent 
proportion of the field of view, and as expected 
with catadioptric telescopes, any colour fringing is 
nowhere to be seen. 

Since the telescope makes use of an alt-azimuth 
single-arm mount, it's difficult to use it for advanced 
astrophotography. However, we were able to get fair 
images using a DSLR camera and short exposures 
- something that individuals who fit into the 
beginner to intermediate level of astronomy will no 
doubt be pleased with. 

We're impressed with the NexStar 127 SLT’s 
performance along with the versatility in 
accessorising it further. If your interests lie in 
planetary or lunar targets, then this telescope is an 
affordable instrument with stunning optics. 
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Lawrence 


Selected as the first African- 
American astronaut, but 
tragically died before he 
could reach space 
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In June 1967 Major Robert H. Lawrence Jr. was 
selected as the first African-American astronaut 
by any national space program. Unfortunately 
this is a story that doesn't have a happy ending. 
Tragedy struck, and Lawrence was never able to 
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make his ascent into space. 
Born in Chicago, Illinois, on 2 October 1935, 
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Lawrence was a bright young man, receiving 


University, Peoria, Illinois, at the age of 20. He 
then moved swiftly into the United States Air 
Force (USAF) as an officer and pilot. While 
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From 4.5 billion years ago to the present 
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An insight into the workings and exploration of the most 
Earth-like world in the outer solar system 
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Available from dealers throughout the UK Full product details at: 
www.opticalvision.co.uk 
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